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Preface to the 4th Edition


We are excited by the opportunity to present the 4th edition of Orthopedic Secrets. The aim of this series is to continue in the tradition of the first three editions by providing an overview of orthopedics in a question-and-answer format that is the hallmark of The Secrets Series. We have attempted to present a vast amount of information in a concise format. It is important to recognize that some questions have more than one right answer, no right answer, or are controversial.


The goal of this publication is to discuss orthopedic topics that are commonly encountered in clinical practice, discussed on rounds, and found on board and in training examinations. The authors of each chapter have attempted to ask key questions and provide their best answers based on the current available literature. As we appreciated texts that included a case-based approach to teaching during our own training, in this updated edition we have asked the authors to include appropriate cases as well as descriptive images and drawings for each chapter. Each chapter in the new edition has been revised and updated, and several chapters from the 3rd edition have been merged to follow a subspecialty-specific format.


This work would not have been possible without the efforts of the editors of the 3rd edition, David E. Brown and Randall D. Neumann, or their chapter authors. We would like to thank all of the chapter authors for their contributions to the 4th edition and the leadership and staff at Elsevier for their hard work and patience in making this project possible. We hope that you, the reader, will benefit from their efforts, enjoy this book, and find it valuable.


Surena Namdari, MD, MSc


Stephan G. Pill, MD, MSPT


Samir Mehta, MD
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Chapter 1


Adult Reconstruction


Pramod B. Voleti and Atul F. Kamath













Knee





Case 1-1


A 65-year-old woman presents with a 2-year history of left knee pain. The pain is exacerbated by activity and improves with rest. She denies constitutional complaints, such as fever, weight loss, and fatigue.










1. What is the differential diagnosis?


    The differential diagnosis for this patient includes osteoarthritis, rheumatoid arthritis, crystalline arthropathies such as gout or pseudogout (calcium pyrophosphate deposition disease), spondyloarthropathies such as psoriatic arthritis and ankylosing spondylitis, and septic arthritis. Given the patient's age and clinical presentation, osteoarthritis is the most likely diagnosis.





Case 1-1   Continued


The patient is moderately obese with a Body Mass Index (BMI) of 32. Her left knee is not warm or swollen, but there is crepitus and medial joint line tenderness. Range of motion of the left knee is from 5° to 90°. Plain films of the left knee demonstrate narrowing of the medial joint space, subchondral sclerosis, and osteophyte formation (Fig. 1.1).
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Figure 1.1 Anteroposterior (A), lateral (B), and merchant view (C) knee radiographs demonstrating medial joint space narrowing, subchondral sclerosis, and osteophyte formation, consistent with osteoarthritis.











2. What is the likely diagnosis?


    Osteoarthritis (also known as OA, osteoarthrosis, degenerative joint disease) is the most common form of joint disease. Osteoarthritis is characterized by loss of articular cartilage, which results in damage to the underlying bone. The process results in pain, stiffness, and loss of joint mobility. The pain is typically worse with use of the joint and improves with rest. Loss of the smooth articulating surface accounts for the finding of crepitus when the joint is moved. The most common joints affected are the hips, knees, and proximal and distal interphalangeal joints (Bouchard's and Heberden's nodes, respectively), with the knee being the most commonly involved joint. Radiographs of the affected joint typically show joint space narrowing, subchondral sclerosis, osteophyte formation, and subchondral cysts. The patient's symptoms, physical exam findings, and radiographs are most consistent with osteoarthritis.


3. What is the pathogenesis of osteoarthritis?


    Osteoarthritis is characterized by degeneration of articular cartilage and often is associated with overuse or trauma to the joint. Chondrocytes produce and maintain type II collagen, which is the primary component of articular cartilage. Osteoarthritis is thought to be a result of a failed attempt of chondrocytes to repair damaged articular cartilage. When the articular cartilage is not properly maintained, the joint space narrows, and the bones in the diarthrodial knee joint may come into direct contact with one another. The resulting wear and tear leads to bony proliferation, with formation of subchondral sclerosis and osteophytes. Subchondral cysts arise secondary to microfractures and may contain amorphous gelatinous material.


4. What changes occur in the cartilage of osteoarthritic joints?


    Osteoarthritic cartilage is characterized by increased water content (in contrast with the decreased water content seen with aging), alterations in proteoglycans (decrease in overall content, shorter chain structure, an increase in the chondroitin/keratin sulfate ratio), and collagen abnormalities.


5. What are the anatomic sources of the joint pain in osteoarthritis?


    Although articular cartilage is the primary site of injury in this disease, cartilage is aneural, and, therefore, no pain is transmitted from this tissue. The pain of osteoarthritis primarily originates from the periosteum surrounding the bone. As the articular cartilage wears away and the bones of the joint begin to rub against one another, the highly innervated periosteum becomes damaged and results in the joint pain seen in osteoarthritis. Other potential anatomic sources of osteoarthritic pain include subchondral bone, capsule, synovium, and periarticular tendons and bursae.


6. What are the risk factors associated with developing osteoarthritis?


    Obesity, joint trauma, and muscle weakness are some of the risk factors for osteoarthritis. These factors all increase the mechanical forces to which the articular cartilage is subjected. Gender, hormones, metabolic disorders, and genetics also play a role. Elderly populations are affected by this disease more frequently and more severely than younger populations. Obesity is the strongest modifiable risk factor for osteoarthritis.


    Note: Osteoarthritis can be classified as primary (idiopathic disease caused by intrinsic defect, the most common form), or secondary, with an underlying cause (e.g., trauma, infection, congenital deformity).


7. What are the initial treatment options for osteoarthritis of the knee?


    Treatment begins with supportive measures, including weight loss and activity modification. Bracing, including compartmental unloader bracing, and/or ambulatory assistive devices may also be prescribed. Oral pain medications (such as NSAIDs), corticosteroid injections, viscosupplementation, and topical analgesics have been shown to alleviate the pain associated with osteoarthritis. While not demonstrating a clear benefit in the literature, supplements such as glucosamine and chondroitin sulfate may be tried. Moderate physical therapy may provide some symptomatic benefit, but it may only aggravate more advanced disease. Low-impact or aquatic therapy, in conjunction with stretching and isometric strengthening, may prove helpful. Other “joint protection” programs, those that cause low loads across the joint, include swimming, bicycling, walking, or tai chi; these activities increase muscle mass while protecting joints from undue stresses. Alternative therapies such as acupuncture may provide benefit in some patients, but there are no well-controlled data regarding efficacy in advanced osteoarthritis of the knee. Below is Table 1.1 summarizing the strong and moderate recommendations of the American Academy of Orthopaedic Surgeons (AAOS) with regard to treatment of knee osteoarthritis.




Table 1.1


AAOS Recommendations for Knee Osteoarthritis


STRONG RECOMMENDATIONS


We recommend patients with symptomatic osteoarthritis (OA) of the knee, who are overweight (as defined by a BMI >25), should be encouraged to lose weight (a minimum of five percent [5%] of body weight) and maintain their weight at a lower level with an appropriate program of dietary modification and exercise.


We recommend patients with symptomatic OA of the knee be encouraged to participate in low-impact aerobic fitness exercises.


We recommend glucosamine and/or chondroitin sulfate or hydrochloride not be prescribed for patients with symptomatic OA of the knee.


We recommend against performing arthroscopy with debridement or lavage in patients with a primary diagnosis of symptomatic OA of the knee.


MODERATE RECOMMENDATIONS


We suggest patients with symptomatic OA of the knee be encouraged to participate in self-management educational programs such as those conducted by the Arthritis Foundation, and incorporate activity modifications (e.g. walking instead of running; alternative activities) into their lifestyle.


We suggest quadriceps strengthening for patients with symptomatic OA of the knee.


We suggest patients with symptomatic OA of the knee use patellar taping for short-term relief of pain and improvement in function.


We suggest lateral heel wedges not be prescribed for patients with symptomatic medial compartmental OA of the knee.


We suggest patients with symptomatic OA of the knee receive one of the following analgesics for pain unless there are contraindications to this treatment: acetaminophen or NSAIDs


We suggest intra-articular corticosteroids for short-term pain relief for patients with symptomatic OA of the knee.


We suggest that needle lavage not be used for patients with symptomatic OA of the knee.


We suggest against using a free-floating interpositional device for patients with symptomatic unicompartmental OA of the knee.








Case 1-1   Continued


The patient has failed 6 months of non-operative therapy, including attempts at weight loss and activity modification, physical therapy, bracing, and pain medication. Her left knee pain has become progressively more severe and her range of motion has worsened (5° to 80°).





8. What is the next appropriate treatment option?


    Once a patient has failed multiple attempts at conservative therapy, surgical treatment options should be considered. The most common and effective treatment for end-stage degenerative joint disease of the knee is total knee arthroplasty (TKA). Other surgical treatment options include arthroscopic debridement, high tibial osteotomy (HTO) for treatment of varus deformity (Fig. 1.2), distal femoral osteotomy (DFO) for treatment of valgus deformity (Fig. 1.3), unicompartmental knee arthroplasty (UKA) (Fig. 1.4), and patellofemoral arthroplasty (PFA) (Fig. 1.5).
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Figure 1.2 Anteroposterior (A), lateral (B), and merchant view (C) knee radiographs status post high tibial osteotomy.
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Figure 1.3 Anteroposterior (A) and lateral (B) knee radiographs status post distal femoral osteotomy.
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Figure 1.4 Anteroposterior (A), lateral (B), and merchant view (C) knee radiographs status post unicompartmental knee arthroplasty.
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Figure 1.5 Anteroposterior (A), lateral (B), and merchant view (C) knee radiographs status post patellofemoral arthroplasty.








9. What are the major indications and contraindications for high tibial osteotomy in the treatment of degenerative joint disease of the knee?




• Indications:




• Isolated medial compartment arthritis demonstrated by history, physical examination, and radiographs




• Young, active patients with a strong desire to continue a vigorous lifestyle


• Fixed varus deformity <15°.





• Contraindications:




• Range of motion <90° of flexion


• Flexion contracture >15°


• Fixed varus deformity >15°


• Lateral tibial subluxation more than 1 cm


• Inflammatory arthritis


• ACL tear


• Osteochondral injury with involvement of more than one-third of the condylar surface.








10. What are the major indications and contraindications for distal femoral osteotomy in the treatment of degenerative joint disease of the knee?


    The indications for distal femoral osteotomy in the treatment of degenerative joint disease of the knee are the same as the above indications for high tibial osteotomy with the following exceptions:




• Isolated lateral compartment arthritis (rather than medial compartment arthritis)


• Fixed valgus deformity >12–15°.





11. What is unicompartmental knee arthroplasty and how is it different from total knee arthroplasty?


    Unicompartmental knee arthroplasty involves replacement of a single compartment of the knee, either medial or lateral, whereas total knee arthroplasty involves replacement of all three compartments of the knee: the medial and lateral compartments and the patellofemoral compartment. Both the anterior and posterior cruciate ligaments are preserved in unicompartmental knee arthroplasty. Patellofemoral joint arthroplasty is a form of unicompartmental knee arthroplasty involving replacement of just the patellofemoral articulation.


12. What are the major indications and contraindications for unicompartmental knee arthroplasty in the treatment of degenerative joint disease of the knee?




• Indications:




• Isolated compartment osteoarthritic changes


• Arthritic pain localized to the affected compartment.





• Contraindications:




• Anterior cruciate ligament (ACL) deficiency


• Fixed varus deformity that cannot be corrected on clinical examination


• Previous meniscectomy in the opposite compartment


• Knee flexion contracture >10°


• Range of motion <90° of flexion


• Inflammatory arthritis


• Tricompartmental osteoarthritis.








13. What are the primary goals of total knee arthroplasty (TKA)?




• Relief of pain


• Restoration of function


• Achievement of intrinsic stability


• Creation of a durable reconstruction.





Case 1-1   Continued


Given her age, functional status, duration of symptoms, and radiographic appearance, the surgeon and patient decide that TKA is the preferred treatment option. The patient undergoes a preoperative medical workup, including a complete blood count, basic metabolic panel, type and screen, EKG, chest x-ray, urinalysis, and medicine consultation. No contraindications to surgery are identified. The patient presents on the day of surgery, and she has abstained from eating or drinking since midnight.








14. What is the standard surgical approach for TKA? What is the rationale for its use?


    The standard surgical approach for TKA involves a straight midline skin incision, followed by a medial parapatellar arthrotomy. Despite the fact that a standard medial parapatellar (Fig. 1.6) skin incision follows Langer's lines more closely, a straight midline skin incision is used with a subsequent medial parapatellar arthrotomy so that the skin incision is not directly over the capsular incision. This slight mismatch of the capsular and skin incisions provides an overlap that allows a better seal and, therefore, effectively reduces postoperative drainage and subsequent possibility of related infection.
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Figure 1.6 Intraoperative photograph demonstrating the midline skin incision commonly utilized for total knee arthroplasty.








15. Have any approaches other than the straight midline skin incision and the medial parapatellar capsular arthrotomy been popularized?


    The midline skin incision remains the standard approach. The skin incision may be adjusted based on prior surgical incisions/scars, as well as for particular planned procedures (e.g., unicompartmental arthroplasty). Furthermore, several alternative deep approaches/arthrotomies have been described, including the subvastus, the vastus medialis splitting (mid-vastus), the trivector, and the lateral parapatellar approaches.


16. Describe the subvastus approach.


    The subvastus approach spares the quadriceps tendon. From the proximal to distal aspects, it involves elevation of the vastus medialis obliquus with a medial capsular arthrotomy that begins at the superior medial pole of the patella. Therefore, no incision is made into the quadriceps tendon. Advocates of this approach have noted a quicker return of quadriceps function, but no long-term advantages are seen over the more popular medial parapatellar arthrotomy.


17. Describe the vastus medialis splitting approach.


    The vastus medialis splitting approach begins with a division of the vastus medialis along its fibers at the proximal two-thirds and distal one-third junction. The muscle division ends at the superior medial pole of the patella, and the capsular arthrotomy is then carried distally along the medial aspect of the patella. It was initially reported that this approach yielded a decrease in the number of lateral retinacular releases. However, when the study was repeated in a randomized fashion, no difference in lateral retinacular release rates was noted between the medial parapatellar arthrotomy and the vastus medialis splitting approach.


18. Describe the trivector approach.


    The trivector approach involves an incision into the body of the vastus medialis obliquus, which begins approximately 5 cm proximal to the superior pole of the patella and extends distally along the medial aspect of the patella. Instead of splitting the quadriceps tendon, the muscle belly is divided. The term trivector arose as a result of the description of three vectors of pull on the patella: the vastus lateralis, the rectus femoris, and the vastus medialis obliquus. Proponents report that all three vectors are maintained with this approach. Original literature described early benefit with respect to the diminution of the number of lateral retinacular releases and an earlier recovery of the quadriceps function. However, a recent prospective study shows no difference between a standard medial parapatellar arthrotomy and the trivector approach.


19. What is the indication for use of the lateral parapatellar approach?


    A straight midline skin incision followed by a lateral parapatellar arthrotomy may be used in the exposure of a severe valgus deformity. Patients with a valgus deformity often have an associated lateral subluxation of the patella and require a lateral retinacular release at the time of surgical intervention, as well as potential significant release of the lateral structures to create a balanced TKA. Furthermore, when a surgeon performs a medial parapatellar arthrotomy and a subsequent lateral retinacular release for a valgus knee deformity, the vasculature to the patella may be somewhat compromised.


20. What maneuvers can be performed to facilitate eversion of the patella during the standard medial parapatellar approach?




1. Extending the incision proximally into the quadriceps tendon


2. Releasing adhesions in the lateral retinaculum and patellofemoral ligament


3. Removing the peripheral osteophytes about the patella


4. Release of tethering of the medial portion of the insertion of the patellar ligament


5. Performing a lateral retinacular release


6. Careful and sequential proximal medial tibial release and external rotation of the tibia.





21. Define the mechanical axis of the knee.


    The mechanical axis of the knee is defined as a line that intersects the center of the femoral head, the center of the knee, and the center of the ankle. The goal of TKA is to reconstruct the mechanical axis with appropriate resection of the distal femur and proximal tibia, while carefully balancing the ligamentous structures.


22. What is the normal alignment of the distal femoral condyles with respect to the femoral axis and of the tibial plateau with respect to the tibial axis?


    The normal alignment of the distal femoral condyles with respect to the femoral axis is approximately 9° of valgus, whereas the normal alignment of the tibial plateau with respect to the tibial axis is approximately 3° of varus. Therefore, a resultant 6° of valgus facilitates creation of the mechanical axis.


23. How should the proximal tibia be cut with respect to the tibial axis?


    Surgeons who follow the teaching of Insall et al. believe that the tibial resection should be created at 90° to the tibial axis in the coronal plane. They stress that varus malalignment leads to early failure. To reconstruct the mechanical axis, the distal femur must be resected at 6° of valgus. Hungerford et al., however, proposed that the proximal tibia be cut in 3° of varus and the distal femur in 9° of valgus. They argue that such resections place the joint line in the coronal plane parallel to the ground during gait. The majority of physicians, however, continue to resect the proximal tibia at 90° to the axis.


24. What is the normal alignment of the proximal tibia in the sagittal plane?


    In the sagittal plane, the proximal tibia generally has a posterior slope of approximately 7–10°. Therefore, two options exist in resecting the proximal tibia: (1) resection perpendicular to the axis, in which case the implant should have a posterior slope built into the articulation, and (2) resection of the proximal tibia with 5–7° of posterior slope. Reconstruction of the posterior slope is especially important in cruciate-retaining TKA.


25. What are the palpable landmarks used to assist the placement of the extramedullary tibial alignment jigs?


    The palpable landmarks used to place the extramedullary tibial alignment jigs are the tibial tubercle, tibial spines, and medial and lateral malleolus. The jig should be positioned over the tibial tubercle and aligned parallel with the tibial spines, while intersecting the intermalleolar distance. In this position, the jig should line up with the second ray of the foot.


26. Describe the anatomic axes of the distal femur and proximal tibia that assist in determining rotation of the femoral component.


    Rotation of the femoral component is determined by evaluating four distinct anatomic features of the distal femur and proximal tibia:




1. The transepicondylar axis, which intersects the medial and lateral epicondyle.


2. The anterior/posterior axis (“Whiteside's line”) of the femur has been described as a line from the center of the trochlear groove to the center of the intercondylar notch. This axis is reported to be 90° to the transepicondylar axis.


3. The posterior femoral condylar axis is usually 3° internally rotated relative to the transepicondylar axis. Therefore, by using a guide that references the posterior condyles with 3° of external rotation, the femoral component will be placed in line with the neutral transepicondylar axis.


4. The tibial shaft axis has been identified as being 90° to the transepicondylar axis.





At the time of surgical intervention, the surgeon should incorporate all four of the above anatomic references to assist in determining rotation of the femoral component.


27. How can tightness or looseness in extension or flexion be corrected? (Table 1.2)




Table 1.2


Flexion and Extension Gap Correction in Total Knee Arthroplasty










	 

	EXTENSION GAP






	Tight

	Normal

	Loose










	FLEXION GAP

	Tight

	Resect additional proximal tibia

	Downsize femoral component OR resect additional proximal tibia and augment distal femur

	Augment distal femur and either resect additional proximal tibia or downsize femoral component






	Normal

	Resect additional distal femur OR perform posterior capsular release

	Balanced

	Augment distal femur






	Loose

	Resect additional distal femur and increase polyethylene insert thickness

	Upsize femoral component OR shift femoral component posteriorly

	Increase polyethylene insert thickness
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28. What structures can be released to correct a varus deformity?




• Osteophytes


• Deep medial collateral ligament and meniscotibial ligament


• Posteromedial corner with semimembranosus


• Superficial medial collateral ligament and pes anserinus complex


• Posterior cruciate ligament (rarely).





29. What structures can be released to correct a valgus deformity?




• Osteophytes


• Lateral capsule


• Iliotibial band (if tight in extension)


• Popliteus (if tight in flexion)


• Lateral collateral ligament.





30. What surgical maneuvers can be performed to facilitate patellofemoral tracking?




• Appropriate resection and resurfacing of the patella to restore preoperative thickness


• Slight medial placement of the patellar component


• Placement of the femoral component in neutral rotation or slight external rotation


• Lateral translation of the femoral component


• Appropriate rotation of the tibial component


• Release of the patellofemoral ligament and any adhesions within the lateral retinaculum


• Lateral retinacular release with preservation of the superior geniculate vessel


• Advancement and reefing of the vastus medialis obliquus.





Case 1-2


A 79-year-old man presents to clinic with a 3-month history of right knee pain. He underwent a total knee arthroplasty for the treatment of end-stage osteoarthritis 17 years ago. His postoperative course had been uncomplicated, and he had experienced immediate relief of his symptoms after surgery. Up until 3 months ago, he had been able to perform his daily activities, walk a mile, and play golf with limited pain. However, over the past 3 months, he has experienced a gradual progression of right knee pain. The pain is so severe that he is no longer able to perform his daily activities. His medical co-morbidities include hypertension and benign prostate hypertrophy, both of which are well-controlled with medication. He denies fevers, sweats, weight loss, and other constitutional symptoms. On physical exam, he has pain with right knee range of motion and tenderness over the right knee. His right knee range of motion is 3° to 85°. Radiographs of the right knee are obtained (Fig. 1.7).
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Figure 1.7 Anteroposterior (A), lateral (B), and merchant view (C) knee radiographs status post total knee arthroplasty.














31. What are the common causes of TKA failure necessitating revision?




• Aseptic failure:




• Component loosening


• Polyethylene wear (osteolysis or catastrophic wear)


• Ligament instability


• Patellofemoral maltracking





• Septic failure (infection):




• Early postoperative infection


• Acute hematogenous infection


• Chronic infection.








32. What is the likely diagnosis for this patient?


    Given the radiolucent lines surrounding the femoral and tibial components, along with the patient's clinical manifestations, this patient has experienced loosening of his total knee prosthesis. In order to differentiate between septic and aseptic failure, an infection work-up (including complete blood count (CBC) with differential, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP)) should be ordered. The presence of leukocytosis with an increased percentage of immature white blood cells on CBC and an elevated ESR and CRP are suggestive of an infectious process. If these abnormal values are detected, the right knee joint should be aspirated, and the fluid sent for cell count, gram stain, culture, and crystals.


33. What are the expected joint fluid analysis results for an infected TKA?


    Joint fluid analysis cell count will be elevated (depending on the study and time from surgery, >1100 cells/mm3), and the differential will show a preponderance of neutrophils. The gram stain may be positive, but it is often negative given the low sensitivity of this test. Cultures may show growth of the infecting organism.


34. What is the incidence of periprosthetic infection following TKA?


    The risk of periprosthetic infection following primary TKA is 1–2%. The risk of infection is greater following revision TKA is 6%.


35. Describe the main categories of prosthetic joint infection and their respective treatment options.




• Early postoperative infection: infection within 3 weeks of the joint replacement surgery. Treatment with surgical irrigation and debridement, polyethylene component exchange, and metallic component retention is indicated. Postoperative intravenous antibiotics for a minimum of 4–6 weeks are recommended.


• Acute hematogenous infection: the prosthetic joint is hematogenously seeded by an infection that develops at another site in the body. The treatment for an acute hematogenous infection is similar to that for an early postoperative infection. Recurrent infection requires surgical resection of the prosthetic components.


• Late chronic infection: infection that has been present for more than 3 weeks. The persistent infection has had time to enter the boneprosthesis interface and a bacterial biofilm likely has developed over the implant (biofilm formation may be organism-dependent). Eradication of the infection requires surgical irrigation and debridement, removal of the prosthetic components usually with placement of a temporary antibiotic-impregnated spacer, and intravenous antibiotics for 4–6 weeks.


• A fourth category is a positive intraoperative culture. Clinical suspicion of infection and consultation with an infectious disease specialist may help guide treatment.





36. What are the major goals of revision TKA?




• Extraction of knee components with minimal bone and soft tissue destruction


• Restoration of cavitary and segmental defects


• Restoration of the joint line


• Balanced knee ligaments


• Stable knee components.





37. What are the implant choices for revision TKA?




• Unconstrained prosthesis


• Constrained, non-hinged prosthesis


• Constrained, hinged prosthesis.




















Hip





Case 1-3


A 67-year-old man presents to clinic with an 18-month history of right groin pain. He has had no previous surgical procedures on his right hip. The pain is exacerbated by activity and improves with rest. He is unable to walk more than two blocks secondary to the pain, and the pain occasionally wakes him up at night. He denies constitutional complaints such as fever, weight loss, and fatigue. On physical examination, he describes pain over the right groin and hip. His right hip range of motion is limited and painful: 0–80° of flexion, abduction to 20°, adduction to 10°, internal rotation 15°, and external rotation 25°. Anteroposterior pelvis and anteroposterior and lateral right hip radiographs are obtained (Fig. 1.8). CBC, ESR, CRP, rheumatoid factor (RF), and antinuclear antibody (ANA) are all within normal limits.
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Figure 1.8 Anteroposterior pelvis (A), anteroposterior hip (B), and frog-leg lateral hip (C) radiographs demonstrating joint space narrowing, subchondral sclerosis, and osteophyte formation, consistent with osteoarthritis.
















38. What are the most common causes of hip arthritis in the adult patient?


    The most common causes of arthritic symptoms in the adult can be divided into two broad categories. The first is osteoarthritis, which is also called degenerative or idiopathic arthritis. This category includes the majority of patients over the age of 50 years with chronic arthritic pain in the hip. The second broad category is inflammatory arthritis, which includes rheumatoid arthritis, ankylosing spondylitis, systemic lupus erythematous, and the crystalline-induced arthritides, such as gout and pseudogout.


39. How can the types of hip arthritis be differentiated?


    The most common methods of differentiating the types of arthritis are clinical history, physical examination, and radiographic evaluation. The typical radiographic changes in the common types of arthritis are listed below (Table 1.3).




Table 1.3


Radiographic Findings with Hip Arthritis










	DISEASE

	TYPICAL RADIOGRAPHIC FINDINGS










	Osteoarthritis

	



Joint space narrowing


Boney sclerosis


Osteophyte formation











	Rheumatoid arthritis

	



Periarticular osteoporosis


Joint erosions


Loss of joint space


Subluxation


Ankylosis











	Gout

	Bony erosions






	Pseudogout

	Punctate linear calcification in hyaline and fibrocartilage






	Infectious arthritis

	



Early: No change


Late: Osteoporosis




Cartilage destruction


Erosions
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40. What is the likely diagnosis?


    The radiographs demonstrate joint space narrowing, subchondral sclerosis, and osteophyte formation, suggestive of osteoarthritis. The patient's serological work-up is negative, which is also consistent with osteoarthritis.




41. What are the initial treatment options for arthritis of the hip?


    Arthritis of the hip can be successfully managed by non-operative means, especially early in the course of the disease. Weight loss, activity modification, and ambulatory assistive devices may significantly reduce the patient's symptoms. NSAIDs are the most frequently prescribed pharmacologic agents for relief of symptoms. While not demonstrating a clear benefit in the literature, supplements such as glucosamine and chondroitin sulfate may be tried. Moderate physical therapy may provide some symptomatic benefit, but it may only aggravate more advanced disease. Low-impact or aquatic therapy, in conjunction with stretching and isometric strengthening, may prove helpful. Other “joint protection” programs, those that cause low loads across the joint, include swimming, bicycling, walking, or tai chi; these activities increase muscle mass while protecting joints from undue stresses.





Case 1-3   Continued


The treating physician initially recommends non-operative management, including weight loss, activity modification, a cane, and NSAIDs. The patient returns to clinic 8 months later. His pain and range of motion have not significantly improved, although the NSAIDs do alleviate some of his symptoms. He continues to have difficulties performing daily activities and has night pain.





42. After failure of non-operative treatment options, what surgical treatments are available for arthritis of the hip?


    The most common surgical treatment for arthritis of the hip is total hip arthroplasty (THA). Hip resurfacing arthroplasty, femoral or pelvic osteotomy, arthrodesis, and Girdlestone resection are also options, although used less commonly. The patient's age, activity level, overall health, specific joint disease, other joint involvement, and radiographic presentation are considered in choosing the best surgical procedure.


43. What are the most popular surgical approaches to the hip?


    The most popular surgical approaches to the hip for THA are posterior/posterolateral, direct lateral, anterolateral, and direct anterior approaches. The transtrochanteric approach is less common. The intervals and structures at risk for each approach are listed in the Table 1.4 below.




Table 1.4


Structures at Risk with Surgical Approach to Total Hip Arthroplasty










	SURGICAL APPROACH

	INTERVAL

	STRUCTURES AT RISK










	Posterior/posterolateral

	Gluteus maximus (inferior gluteal nerve) and gluteus medius/tensor fascia lata (superior gluteal nerve)

	



Sciatic nerve and inferior gluteal artery during gluteus maximus muscle split


Medial femoral circumflex artery if quadratus femoris transected











	Transtrochanteric

	Gluteus medius (superior gluteal nerve) and vastus lateralis (femoral nerve)

	



Femoral nerve, artery, vein


Lateral femoral circumflex artery











	Anterolateral

	Tensor fasciae lata (superior gluteal nerve) and gluteus medius (superior gluteal nerve)

	



Femoral nerve (from medial retraction)


Descending branch of lateral femoral circumflex artery











	Direct lateral

	Tensor fasciae lata (superior gluteal nerve) and gluteus maximus (inferior gluteal nerve)

	



Superior gluteal nerve


Femoral nerve











	Direct anterior

	Sartorius (femoral nerve) and tensor fasciae latae (superior gluteal nerve)

	



Lateral femoral cutaneous nerve


Ascending branch of lateral femoral circumflex artery
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44. How is fixation of the prosthetic components achieved in THA?


    Excellent long-term fixation has been achieved using both polymethylmethacrylate (cemented) fixation and porous or bone ingrowth (non-cemented) fixation. The surgeon should consider the patient’s age, activity level, and bone quality, as well as the surgeon’s experience and comfort with cemented and cementless techniques, in selecting the type of fixation.


45. Describe the generations of cement preparation technique (Table 1.5).




Table 1.5


Cement Preparation Technique Generations










	GENERATION

	CEMENT PREPARATION TECHNIQUE










	First generation

	



Finger packing


No canal preparation


No cement plug


No cement gun


No pressurization


Cast stem


Narrow medial border on stem


Sharp edges on stem











	Second generation

	



Cement gun


Pulsatile lavage


Canal preparation


Cement restrictor


Super alloy stem


Broad and round medial border


Collar on stem











	Third generation

	



Porosity reduction (vacuum)


Cement pressurization


Precoat stem


Rough surface finish on stem


Stem centralizer



















[image: image]








46. What is the ideal size of the cement mantle surrounding the femoral stem?


    It has been described that a minimum of 2 mm of cement thickness should be allowed between the prosthesis and bone. However, this value may be impossible to achieve in patients with narrow canals. Therefore, a more practical approach is the two-thirds rule: two-thirds of the canal is displaced by the femoral stem and the other one-third by cement.


47. What are the advantages of cementless stems?


    Cementless stems rely on bone, a biologic interface, for fixation. This interface can react to stresses and strengthen itself over time. Cement is a non-biologic interface that can degrade with time. Theoretically, weakening of the cement–prosthesis or cement–bone interfaces could lead to loosening of a previously stable femoral stem.


48. What design characteristics should cementless components have?


    Biologic fixation is achieved using either a porous-coated metallic surface that provides bone ingrowth fixation or a grit-blasted metallic surface that provides bone on-growth fixation. For porous-coated implants, 50–350 micron (preferably 50–150 micron) pores are created on the metallic surface. The pores allow for bone ingrowth, which secures the prosthesis to bone. The porosity of the surface should be 40–50%, thus allowing bone to fill in a significant area of the prosthesis. Greater porosity would put the porous-coated surface at risk of shearing off. Pore depth is another important characteristic: greater pore depth provides greater interface shear strength with loading. Finally, gaps between the prosthesis and bone should be less than 50 microns to allow for effective bone ingrowth. For grit-blasted implants, the metallic surface is roughened with an abrasive spray of particles that pits the surface and creates peaks and valleys that allow for the bone to interdigitate. The surface roughness, which is defined as the average distance from the peak to the valley on the roughened surface, is directly related to an increase in interface shear strength. A newer type of cementless fixation involves the use of porous metals, which are gaining in popularity.


49. Describe the ideal location for placement of acetabular screws.


    The key to placement of acetabular screws is to avoid neurovascular structures. A quadrant system has been developed to guide placement. The quadrants are defined by a line from the anterior superior iliac spine (ASIS) through the center of the acetabulum and a line perpendicular to that line which intersects the center of the acetabulum (Fig. 1.9). The structures at risk for each quadrant are listed in the Table 1.6 below.




Table 1.6


Structures at Risk with Acetabular Screw Placement










	QUADRANT

	STRUCTURES AT RISK










	Posterior superior quadrant

	Safe zone (screws less than 35 mm)






	Sciatic nerve






	Superior gluteal nerve and vessels






	Posterior inferior quadrant

	Safe zone (screws less than 25 mm)






	Sciatic nerve






	Inferior gluteal nerve and vessels






	Internal pudendal nerve and vessels






	Anterior superior quadrant

	External iliac vein and artery






	Anterior inferior quadrant

	Obturator artery and vein






	Anterior inferior obturator nerve
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Figure 1.9 Quadrant system for acetabular screw placement during total hip arthroplasty. (Redrawn from Wasielewski RC, Cooperstein LA, Kruger MP, et al: Acetabular anatomy and the transacetabular fixation of screws in total hip arthroplasty. J Bone Joint Surg 1990;72A:501.)








50. What factors can lead to intraoperative femoral fractures?


    The most common factors that can lead to intraoperative femoral fractures are:




1. Failure to ream straight down the canal


2. Attempts to put too large a component down the canal


3. Attempts to impact the component down the canal too rapidly without allowing the viscoelastic nature of the bone to accept the component (bone expands with time)


4. Failure to appreciate preoperative deformities or distal tightness of the canal.





51. What are the most common nerve injuries during THA?


    Nerve injury during THA may involve the sciatic nerve (80%) or the femoral nerve (20%). When the sciatic nerve is injured, the peroneal division is usually affected because it is closer to the acetabulum than the tibial division. The most common cause of sciatic nerve injury is errant retractor placement. Other potential causes of sciatic nerve palsy include hematoma and excessive leg lengthening.


52. What measures are available to decrease the incidence of thrombophlebitis after THA?




• Early mobilization


• Sequential compression stockings and venous compression devices


• Anticoagulation (e.g., warfarin, aspirin, low-molecular-weight heparin).





Case 1-4


A 59-year-old woman presents to the emergency department 8 weeks after undergoing a right THA. She complains of severe right hip pain which began 4 hours ago while she was performing yoga. Prior to today, she did not have any pain in her right hip. On physical examination, her right lower extremity is shortened and internally rotated. An anteroposterior radiograph of the right hip demonstrates dislocation of the THA prosthesis (Fig. 1.10). This is her first episode of right hip instability.
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Figure 1.10 Anteroposterior hip radiograph demonstrating dislocation of the total hip arthroplasty prosthesis.














53. How should this patient be managed?


    Dislocation of a hip prosthesis should initially be managed with closed reduction under conscious sedation. Conscious sedation is necessary to achieve proper analgesia and muscle relaxation. If a closed reduction is unsuccessful in an emergency room setting, the patient should be taken to the operating room for a closed versus open reduction. If component positioning or compromise is the cause of instability, the components may be revised at the time of reduction or may be revised at a later date.





Case 1-4   Continued


The patient is sedated in the emergency room with administration of propofol. The right hip is reduced using closed techniques. An anteroposterior radiograph of the right hip demonstrates successful reduction of the right hip prosthesis (Fig. 1.11). An abduction pillow is placed between the patient's legs to maintain the reduction. The patient awakens from sedation with improvement in right hip pain and range of motion. She is discharged home with instructions for strict hip precautions.
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Figure 1.11 Anteroposterior hip radiograph status post closed reduction of the total hip arthroplasty prosthesis.











54. What is the incidence of dislocation after THA?


    The incidence of dislocation after primary THA is approximately 1–2%, but has been reported to be as high as 9.5%. Dislocation rates after revision are higher and have been reported as high as 26% in cases of multiple revisions.


55. What aspects of component design affect hip stability after THA?




• Head–neck ratio (ratio of femoral head diameter to femoral neck diameter): a larger head–neck ratio allows greater arc of motion before impingement, and skirted femoral necks reduce this ratio.


• Excursion distance (the distance the head must travel to dislocate): a greater excursion distance results in a more stable hip.


• Constrained liner: a constrained liner provides inherent stability at the cost of a reduced primary arc range and an increased risk of early loosening.





56. What soft-tissue considerations affect hip stability after THA?


    Maintaining the correct tension of the abductor complex is a key to hip stability. The native femoral offset and neck length should be restored to maintain proper soft-tissue tension. Preoperative templating may assist in selecting the appropriate component sizes.


57. What is heterotopic ossification and how can it be prevented in high-risk patients?


    Heterotopic ossification (HO) is the process by which bone tissue forms outside of the skeleton. Predisposing risk factors for HO after THA include hypertrophic osteoarthritis, ankylosing spondylitis, diffuse idiopathic skeletal hyperostosis (DISH), post-traumatic arthritis, prior hip arthrodesis, and a history of previous development of HO. Heterotopic ossification is seen more often in males and with the direct lateral approach to the hip (Hardinge approach). Prophylactic treatment of high-risk patients with a single dose of radiation (600 rads) within 72 hours of surgery or with NSAIDs (such as indomethacin) for 6 weeks is recommended. Meticulous soft-tissue management during surgery may also minimize trauma to the hip tissues.


58. What is another common long-term complication after THA?


    Along with dislocation, aseptic loosening is a common long-term complication after THA. Radiographic evidence of loosening includes: (1) migration or subsidence of the component, (2) fracture of the cement, and (3) a 2 mm lucent line completely surrounding the prosthesis. Aseptic loosening is frequently associated with osteolysis, which is resorption of bone around the prosthesis mediated by collagenases, prostaglandins, and proteases. Osteolysis is thought to be the result of the body's reaction to polyethylene particulate debris that forms from polyethylene wear; it is a macrophage-mediated process. Factors that can minimize polyethylene debris include: (1) proper head size; (2) maximal polyethylene thickness (at least 6 mm); (3) alternative bearing surfaces, such as ceramics or metal; and (4) highly cross-linked polyethylene.


59. What is the infection rate following THA? Which patients are at greatest risk for infection?


    The prevalence of infection after THA of Medicare patients in the United States is approximately 2.3%. Patient factors associated with increased risk for infection include rheumatoid arthritis, diabetes mellitus, poor nutrition, obesity, oral steroid use, and previous surgery.


60. What factors may decrease the incidence of infection following THA?


    Before surgery, the patient should be in satisfactory dental health and free of infection in any other organ system. Patients should also be adequately nourished and free of any skin conditions that may provide a portal for bacterial entrance. Perioperative prophylactic antibiotics effectively reduce the incidence of deep wound infection. Laminar air flow within an enclosed area and total body exhaust-ventilated suits further decrease exogenous wound contamination. Efficient surgical technique with meticulous hemostasis and closure also contribute to uneventful wound healing.


61. What organisms commonly cause THA infections?


    Staphylococci bacteria are the most commonly isolated pathogens from THA infections. Among the staphylococci, Staphylococcus epidermidis and Staphylococcus aureus are the most common infecting organisms. Streptococci, enterococci, and gram-positive cocci are also frequent pathogens, while gram-negative bacteria are less common. Fungi and mycobacteria are infrequently encountered in these infections.


62. Describe the signs and symptoms of an infected THA.


    The clinical picture of a periprosthetic hip infection is highly variable. The majority of patients present with relatively mild signs and symptoms. Often, mild pain is the only symptom. Less frequently do these infections present as fulminant processes, with a combination of local signs such as deep throbbing pain, wound drainage, erythema, and swelling about the hip. It is not uncommon to have associated fever, chills, and generalized malaise with these overt infections.


63. What initial diagnostic tests should be ordered for a patient with a suspected periprosthetic hip infection?


    Plain radiographs, CBC with differential, ESR, and CRP are the initial diagnostic tests that should be ordered.


64. What is the radiographic appearance of a periprosthetic hip infection?


    Plain radiographs are rarely diagnostic for a total hip infection; however, they should always be obtained in suspected cases in order to rule out other causes of pain, to evaluate component positioning, and to serve as a baseline for future radiographs. One finding that may be helpful to distinguish septic from aseptic loosening is periosteal new bone formation.


65. Describe the results of a CBC with differential, ESR, and CRP in patients with THA infections.


    In periprosthetic infections, the CBC with differential may demonstrate the presence of leukocytosis, with an increased percentage of immature white blood cells. However, this phenomenon may not occur in indolent presentations. The ESR is an indirect indicator of a systemic response to an inflammatory process. Unfortunately, the ability of the ESR to be influenced by any inflammatory condition decreases its specificity and predictive value when used independently. For example, following uncomplicated THA, the ESR may not return to baseline levels for several months after surgery, thus making this an especially unreliable test in the early postoperative period. When used alone, the reported sensitivity and specificity of ESR in diagnosing total hip infections are 82% and 86%, respectively. CRP is also a non-specific indicator of inflammation, infections, and neoplastic processes. In contrast to the ESR, CRP levels return to baseline shortly after surgery, and normal values have been demonstrated at an average of 3 weeks postoperatively (range, 1–8 weeks). Elevated CRP levels greater than 10 mg/L have been associated with periprosthetic infection. Although the reported sensitivity (96%) and specificity (92%) of CRP alone are superior to those reported with ESR alone, its specificity has been shown to increase to nearly 100% when used concurrently with the ESR and clinical picture.


66. What other diagnostic studies may be used in the work-up for a suspected infected THA?


    Hip aspiration with fluid analysis and culture and radionucleotide imaging may also be performed in the work-up for a suspected infected THA. Current recommendations discourage routine hip aspiration as a screening tool to rule out periprosthetic hip infections. When used for all THA failures, the sensitivity and specificity of hip aspiration have widely varied. Therefore, the use of hip aspiration is currently recommended only in cases that are suspicious for an infection.


67. What are the intraoperative diagnostic studies used to confirm THA infection?




• Gram stain: This study has been fairly unreliable in the diagnosis of periprosthetic total hip infections. Sensitivities ranging from 0% to 23% (average 19%) have been reported. However, the gram stain is not to be totally abandoned as positive results could provide early information regarding the offending organism and guide initial antibiotic therapy.


• Cultures: Intraoperative cultures remain the standard to which all other intraoperative diagnostic modalities are compared. As with the other diagnostic tests for this disease process, cultures are not foolproof as both significant false-positive and false-negative rates have been reported. Using proper technique, sensitivities and specificities as high as 94% and 97% have been reported respectively. To avoid inaccurate results, precise technique should be followed:




1. Antibiotics should be withheld until specimens have been obtained in cases of suspected infection.


2. Instruments used to obtain the culture should be prevented from touching the skin of the patient.


3. Samples should be obtained from the environment close to the prosthesis and, if possible, from inflamed tissue.


4. A minimum of three specimens should be sent fresh to the laboratory for immediate processing.


5. The specimen should be obtained immediately after the pseudocapsule is opened from an area not previously cauterized and before any irrigation has been used.





• Frozen sections: Intraoperative frozen sections of the prosthetic environment are used to diagnose THA infections by determining the quantity of inflammatory cells. The previous threshold of five polymorphonuclear leucocytes per high powered field (5 PMN/hpf) has been thought to be highly suggestive of infection. Sensitivities and specificities of 80% and 90%, respectively, have been reported using this 5 PMN/hpf threshold. When 10 PMN/hpf is used as the threshold, the specificity increases from 96% to 99% without decreasing the sensitivity (84%).


• Polymerase chain reaction: PCR is a technique that shows promise in diagnosing infection in THA. The PCR technique involves the amplification of nucleic acid extracted from periprosthetic synovial fluid and screening it for the presence of bacterial DNA. This technique has the ability to diagnose periprosthetic infections when only a small quantity of bacteria is present. This ability to detect minute amounts of nucleic acid may result in a high false-positive rate. The hypersensitivity of PCR currently limits use of this diagnostic test, but it is anticipated that this technique will provide a useful tool in diagnosing THA infections in the future.





68. Describe the main categories of prosthetic joint infection and their respective treatment options.




• Early postoperative infection: Infection within 3 weeks of the joint replacement surgery. Treatment with surgical irrigation and debridement, modular/polyethylene component exchange, and metallic component retention is indicated. Postoperative intravenous antibiotics for a minimum of 4–6 weeks are recommended. Some surgeons will consider removing cementless fixation devices that have not ingrown at this time as well.


• Acute hematogenous infection: The prosthetic joint is hematogenously seeded by an infection that develops at another site in the body. The treatment for an acute hematogenous infection is similar to that for an early postoperative infection. Recurrent infection requires surgical resection of the prosthetic components.


• Late chronic infection: Infection that has been present for more than 3 weeks. The persistent infection has had time to enter the bone–prosthesis interface and a bacterial biofilm likely has developed over the implant (biofilm formation may be organism-dependent). Eradication of the infection requires surgical irrigation and debridement, removal of the prosthetic components usually with placement of a temporary antibiotic-impregnated spacer, and intravenous antibiotics for 4–6 weeks.


• A fourth category is a positive intraoperative culture. Clinical suspicion of infection and consultation with an infectious disease specialist may help guide treatment.





69. Describe the classification and treatment of periprosthetic femoral fractures.


    The Vancouver classification system of periprosthetic femur fractures, as modified by Duncan and Masri, along with recommended treatment options is listed in the Table 1.7 below.




Table 1.7


Modified Vancouver Classification for Periprosthetic Femur Fractures








	TYPE

	FRACTURE LOCATION/ CHARACTERISTICS

	TREATMENT OPTIONS










	Type A

	Fracture located in the trochanteric region

	 






	Type AG

	Involving the greater trochanter

	Symptomatic treatment with protected weight bearing and limited abduction
Open reduction internal fixation (ORIF) if fracture displaced >2.5 cm or if there is pain, instability, or abductor weakness






	Type AL

	Involving the lesser trochanter

	Symptomatic treatment with protected weight bearing
Surgical treatment only if a large portion of medial cortex is attached






	Type B

	Fracture is located around or just distal to the femoral stem

	 






	Type B1

	Good bone stock, stem well-fixed

	ORIF with fixation; may use plates, cortical strut grafts, cables, and/or cerclage wires






	Type B2

	Good bone stock, stem loose

	Long-stem cementless revision; consider cortical strut graft to improve stability and enhance bone stock






	Type B3

	Poor bone stock, stem loose

	Long-stem cementless revision
Consider allograft-prosthetic composite in a young patient to help augment bone stock
Consider proximal femur replacement in elderly or low-demand patients






	Type C

	Fracture is located well below the femoral stem

	ORIF with blade plate, condylar screw plate, or supracondylar plate; overlap plate and stem to avoid creation of stress riser; may use cerclage wires at level of stem and screws distal to stem; newer plate options include locking screw technology
Consider retrograde intramedullary nail
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1. What is the function of bone?


    Osseous tissue is unique in both structure and function. Its primary function is to provide mechanical stability to the body. The cellular components also regulate mineral homeostasis, while the marrow functions to produce hematopoietic cell lines.


2. What are the anatomic differences between the different types of bones?


    Bones can be classified histologically as woven or lamellar bone. Woven bone is immature or pathologic and is characterized by its weakness, flexibility, and high rate of turnover. Lamellar bone is stress oriented, and includes both cortical and cancellous bone. Cortical bone comprises the large majority of our skeleton and is characterized by its slow turnover rate, compactness, and low porosity. Cancellous, or trabecular bone, is softer and more elastic, making up about 20% of the skeleton. Unlike cortical bone, cancellous bone is porous and consists of a loose network of bony struts. In osteoporosis, these struts become thinned, resulting in increased macroscopic porosity.


    Anatomically, bones can be classified as long or flat. Long bones consist of the diaphysis, metaphysis, and epiphysis. The diaphysis is the shaft of the long bone responsible for load bearing and consists of a thick tube of cortical bone which surrounds a thin canal of cancellous bone that houses the marrow elements. The epiphysis is the end of a long bone which articulates with a joint and is comprised of a thin layer of cortical bone surrounding thick trabecular bone. The metaphysis functions as a transition zone from the diaphysis to the epiphysis.


3. How do bones receive blood supply and innervation?


    Bones receive their neurovascular supply form a series of packed osteons, or haversian systems (Fig. 2.1), each containing arterioles, venules, capillaries, and nerves. They are connected within the bone by haversian canals, which run longitudinally through the cortex, and Volkmann canals which run obliquely to the periosteum and trabecular bone. Periosteal vessels supply the superficial third of the cortex and are at risk of being stripped during surgical procedures. Reaming during intramedullary nailing can damage the nutrient artery, which enters the diaphysis through to the intramedullary canal and supplies the deep two-thirds of the cortex.
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Figure 2.1 Cross-sectional diagram depicting microscopic bony anatomy. (From Hall JE. Parathyroid Hormone, Calcitonin, Calcium and Phosphate Metabolism, Vitamin D, Bone, and Teeth. In: Guyton and Hall Textbook of Medical Physiology, 12th edn. Copyright © Saunders, Elsevier, 2011.)








4. What are the components to the extracellular matrix?


    The majority of bony matrix comprises inorganic minerals, while about 20–25% of the extracellular matrix consists of organic components. The primary component of the mineral matrix is calcium hydroxyapatite, which provides the compressive strength of bone. Tricalcium phosphate, sodium, magnesium, and bicarbonate are also found. Type I collagen makes up 90% of the organic matrix and is responsible for the tensile strength of bone. Proteoglycans regulate tissue structure and inhibit mineralization. Other matrix proteins also play a role in bone homeostasis. Osteocalcin is vitamin K dependent and the most abundant non-collagenous protein. It functions to promote bone formation and mineralization and is a useful urine marker in patients with disorders of bone turnover such as Paget's disease. Adhesive proteins, growth factors, cytokines, and matricellular proteins are also found in the organic matrix.


5. How do osteoblasts, osteoclasts, and osteocytes function in bone homeostasis?


    Bone is a metabolically active tissue that is constantly undergoing remodeling by the biologically active cells of the bony matrix. Osteoblasts primary functions are to produce bone and regulate osteoclast activity. Mesenchymal stem cells are stimulated to differentiate into mature osteoblasts by bone morphogenic protein (BMP), parathyroid hormone (PTH), glucocorticoids, prostaglandins, and vitamin D. Mature osteoblasts then secrete alkaline phosphatase, type I collagen, and osteocalcin to form the bone matrix. When mature osteoblasts become trapped in the bony matrix, they differentiate into osteocytes. These cells make up about 90% of the cells in the bony matrix and regulate bone homeostasis. Osteocytes are nonmitotic and produce few compounds. They are stimulated by calcitonin and inhibited by PTH.


    Osteoclasts are the primary bone resorptive cells and are actually hematopoietic cells, derived from the macrophage/monocyte lineage. They reside in Howship's lacunae and attach to bone surfaces via integrins. By producing tartrate resistant acid phosphatase (TRAP), osteoclasts decrease the pH and increase the solubility of hydroxyapatite. The osteoclasts' ruffled border helps it bind to bone surfaces where it secretes proteases, such as cathepsin-K, to break down the organic matrix via proteolytic digestion. Bisphosphonates inhibit bone resorption by blocking the formation of cytoskeleton proteins in osteoclasts.


6. What are the molecular mechanisms of bone resorption?


    Bone resorption is primarily mediated by osteoclasts. The pathway begins with PTH stimulating osteoblasts to produce the nuclear factor ligand, RANKL. RANKL binds to specialized RANK receptors on osteoclast precursors, stimulating differentiation into active osteoclasts. Osteoprotegerin (OPG) is closely related to the tumor necrosis factor family and also binds RANKL to competitively inhibit osteoclast activation (Fig. 2.2).
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Figure 2.2 Schematic depicting bone homeostasis. Osteoblasts secrete RANK ligand which binds to the RANK receptor to stimulate osteoclast differentiation. M-CSF: macrophage colony-stimulating factor. (From Bringhurst FR, et al. Hormones and Disorders of Mineral Metabolism. In: Melmed S, et al. [eds], Williams Textbook of Endocrinology, 12th edn. Copyright © Saunders, Elsevier Inc., 2011.)








7. What are some clinical implications with errors in this pathway?


    Several clinical conditions result when the bone resorption pathway goes awry. Osteopetrosis is a condition caused by a lack of functional osteoclasts. Knockout mice without the RANKL gene are found to have an osteopetrosis-like condition. Many cancers secrete PTH or parathyroid hormone related peptide (PTHrP), which stimulates RANKL production and results in bone resorption and metastatic lytic bone lesions. Patients with multiple myeloma have high levels of interleukin-6, which also stimulates osteoclast activation. Conversely, premenopausal women have high levels of circulating estrogen, which leads to increased OPG production and less bone destruction.


8. What changes in bone metabolism would you expect in patients with parathyroid dysfunction?


    Hypoparathyroidism is a metabolic condition often presenting with vague nonspecific symptoms such as weakness, altered mental status, constipation, hair loss, and nausea. Low levels of PTH results in decreased osteoclastic activation and thus decreased bone resorption. As a result of less bone turnover, patients often report bone-associated pain. PTH also acts on the kidney to convert vitamin D to its active form. Laboratory findings will show decreased levels of serum calcium with increased levels of phosphorous. Treatment is with calcium supplementation and the active vitamin D metabolite, vitamin D3.


9. Why do we encourage dietary calcium and vitamin D to promote bone health?


    Bone functions as a reservoir for the body's calcium stores. While 99% of the body's calcium is stored in bone, the active 1% in plasma functions in muscle and nerve conduction as well as a cofactor in the clotting cascade. Serum calcium levels are tightly regulated by PTH and vitamin D. Adults should take at least 750 mg of calcium per day, while those with healing fractures, postmenopausal women, and pregnant women should have a minimum of 1200 mg of calcium in their daily diet. Supplementation of 800 IU of vitamin D is also recommended for prevention of osteoporotic fractures.


    Vitamin D is a naturally occurring steroid. UV radiation from the sun activates vitamin D from our skin into its metabolically active form. Dietary vitamin D absorbed in the intestines must be activated by both the liver and kidney before being able to act on the bone. When calcium stores are low, PTH is increased and activates the enzyme 1-alpha hydroxylase which activates vitamin D in the kidney. In addition to increasing calcium absorption in the small intestine, vitamin D is also an important cofactor in osteoblastic signaling and thus bone turnover.


10. What are the clinical manifestations of vitamin D deficiency?


    Patients with vitamin D deficiency due to inadequate dietary intake have decreased calcium absorption in the gastrointestinal tract and thus decreased serum calcium levels. A compensatory increase in PTH triggers the RANKL pathway activating osteoclasts and resulting in bone resorption. This disorder is known as nutritional rickets. Orthopedic manifestations of the disease include thickening of the growth plates due to decreased calcification, metaphyseal fraying, physeal cupping (metaphysis changes from a convex to a concave surface), bowing of long bones, pathologic fractures, decreased muscle tone, and stunted growth in children. Patients are unable to mineralize the bony matrix due to their lack of calcium absorption (Fig. 2.3).
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Figure 2.3 X-rays of the knees in a 7-year-old girl with distal renal tubular acidosis and rickets. (A) At initial presentation, there is widening of the growth plate and metaphysical fraying. (B) Dramatic improvement after 4 months of therapy with alkali. (From Greenbaum LA. Rickets and Hypervitaminosis D. In: Kliegman R, Nelson WE [eds], Nelson Textbook of Pediatrics. Copyright © Saunders, Elsevier Inc., 2011.)








11. What are the different forms of rickets?


    Nutritional rickets is rare in the United States due to many of our foods being fortified with vitamin D. The most common form of rickets is a genetic disease known as familial hypophosphatemic rickets. It is an X-linked dominant condition in which the proximal renal tubules have a defect in reabsorbing phosphate, thus causing a reflexive increase in PTH and bone resorption. The clinical presentation is similar to nutritional rickets. Hereditary vitamin D dependent rickets is another rare genetic disorder causing similar clinical symptoms due to a defective 1-alpha hydroxylase enzyme (type I) or a defective vitamin D3 receptor (type II).


12. Understanding the physiology of bone metabolism, what bone pathology would you expect in patients with chronic renal disease?


    Renal rickets is common in patients with end stage kidney disease. The kidney tubules are unable to covert vitamin D into its active form resulting in a decrease in calcium absorption and an increase in PTH. As the failing kidney is unable to excrete phosphate, the negative ions bind to free calcium in the blood causing hypocalcemia and secondary hyperparathyroidism.


13. What laboratory findings would you expect in patients with metabolic bone disease? (See Table 2.1.)




Table 2.1


Laboratory Findings in Metabolic Bone Disease










	DISEASE

	CALCIUM

	PHOSPHATE

	PTH

	VITAMIN D3

	ALK PHOS










	Nutritional rickets

	Low to normal

	Low to normal

	High

	Low

	High






	Familial hypophosphatemic rickets

	Normal

	Low

	Normal

	Normal

	High






	Hereditary vitamin D deficient rickets (I)

	Low

	Low

	High

	Low

	High






	Hereditary vitamin D deficient rickets (II)

	Low

	Low

	High

	High

	High






	Renal osteodystrophy

	High

	Low

	High

	Low

	High






	Primary hypoparathyroidism

	Low

	High

	Low

	Low

	Normal






	Osteoporosis

	Normal

	Normal

	Normal

	Normal

	Normal






	Osteopetrosis

	Normal

	Normal

	Normal

	Normal

	Normal to high






	Paget's disease

	Normal

	Normal

	Normal

	Normal

	High
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14. How does bone metabolism change with aging?


    A normal person can expect to lose 0.5% to 1% of total bone mass per year as he or she ages. Bone in elderly patients loses its remodeling potential. There is decreased osteoblastic activity and decreased production of growth factors. While aging affects both cortical and trabecular bone, studies have shown that there is a slightly greater loss of mechanical strength in trabecular bone than cortical bone. Cortical area will decrease over time with a resultant increase in the medullary space, further decreasing mechanical strength.


15. What is the pathophysiology of osteoporosis?


    Osteoporosis is a quantitative defect of bone metabolism. It results from an uncoupling of osteoblast and osteoclast signaling leading to a marked decrease in bone mass. Type I disease affects postmenopausal women whose decrease in estrogen levels result in a decrease in trabecular bone formation. These patients often present with distal radius or vertebral fractures. Type II osteoporosis can occur in men or women and more frequently in patients over the age of 75. Patients present with hip and pelvic fractures as cortical and trabecular bone is affected equally. Osteoporotic bone has thin trabeculae and decreased osteon size. Laboratory findings will be normal (Fig. 2.4).
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Figure 2.4 Osteoporotic vertebral body (right) shortened by compression fractures compared with a normal vertebral body. Note that the osteoporotic vertebra has a characteristic loss of horizontal trabeculae and thickened vertical trabeculae. (From Rosenberg AE. Bones, Joints, and Soft-Tissue Tumors. In: Kumar V [ed.], Robbins and Cotran Pathologic Basis of Disease, Professional Edition. Elsevier, 2009.)








16. How does this mechanism compare with osteopetrosis, Paget's disease, and other metabolic disease states?


    Paget's disease and osteopetrosis are qualitative defects in bone metabolism. Paget's is a disease of bone remodeling resulting from osteoclastic bone resorption followed by disordered bone formation. Osteopetrosis is characterized by defective osteoclastic bone resorption leading to dense, disorganized bone. Both of these diseases are due to a defect in biological bone cells. In contrast, osteoporotic patients have normal functioning osteoblasts and osteoclasts.





Case 2-1


A postmenopausal 62-year-old white female presents to her primary care physician for a routine examination. Her past medical history is significant for depression, epilepsy, hypertension, and obesity. She currently takes sertraline, phenytoin, and lisinopril and smokes one pack of cigarettes per day.





17. What risk factors place this patient at risk for developing osteoporosis?


    Our patient has several risk factors for osteoporosis including her increasing age, female gender, and smoking history. Family history of hip fracture, heavy alcohol use, steroids, and low body weight (not obesity) also predispose one to developing osteoporosis. The patient is also taking antidepressants and anti-epileptic drugs, which are also risk factors.


18. What laboratory and imaging studies would you order?


    The standard for diagnosing osteoporosis is a DEXA (dual energy x-ray absorptiometry) scan. The World Health Organization defines the disease by a T score of < −2.5 in the vertebrae L2–L4, meaning that the patient has the bone density of less than 2.5 standard deviations below the mean bone mass of a 25 year old. Patients with a T score of −1 to −2.5 have osteopenia. Radiographs are of little use in the diagnosis of osteoporosis unless severe bone loss is present. Basic chemistry, calcium, phosphorous, parathyroid, and alkaline phosphatase levels should also be ordered to rule out other types of metabolic bone disease.


19. What is the chance that the patient develops a fracture?


    A Caucasian, postmenopausal female with osteoporosis has approximately a 75% chance of developing a fracture. Lifetime hip fracture rates range from 15% to 20%.


20. What therapies are available to treat osteoporosis?


    All postmenopausal women should be counseled on adequate vitamin D and calcium intake as prophylaxis against osteoporosis. Patients diagnosed with the disease should be started on antiresorptive medication such as a bisphosphonate. The long-term use of bisphosphonates has been recently linked with a risk of insufficiency fractures, and so, the optimal duration of treatment remains an area of active investigation. Hormone replacement therapy is quite effective in reducing fracture risk in elderly women, but is rarely used because of the increased risk of breast cancer, heart attack, and stroke. Patients with severe osteoporosis or those resistant to therapy with bisphosphonates should be treated with recombinant parathyroid hormone therapy. Recombinant parathyroid hormone has an anabolic function, rather than the antiresorptive function of bisphosphonates.





Case 2-2


A 28-year-old male was brought to the ED after being the unrestrained driver in a motor vehicle accident. He sustained an oblique fracture of his right humeral shaft and a left transverse proximal tibia fracture. His past medical history is significant for asthma and low back pain for which he takes extra strength ibuprofen. He smokes one pack of cigarettes per day and drinks a six-pack of beer daily.





21. After closed reduction in the emergency department, he is taken to the operating room for intramedullary nailing of his left tibia. In general, what are the different types of fracture healing?


    After a traumatic injury, bone can undergo either primary or secondary healing. Primary fracture healing, or haversarian remodeling, requires rigid stabilization and anatomic reduction. It is an attempt to reestablish cortical continuity by osteoblasts and osteoclasts remodeling new bony matrix at the fracture site. There is no callus formation with primary bone healing. Secondary bone healing is more common and involves both the periosteum and surrounding soft tissues. Fractures undergoing secondary bone healing can repair themselves via enchondral ossification, intramembranous healing, or both.


22. What are the steps in which this patient's fracture will heal?


    Intramedullary nailing provides a semi-rigid construct at the fracture site causing the fracture to undergo both enchondral and intramembranous ossification. In the early stages of fracture healing, a hematoma forms around the patient's tibia fracture site, providing a source for osteoprogenitor cells. Macrophages and platelets infiltrate the site and secrete a variety of inflammatory cytokines to stimulate osteoblast and fibroblast proliferation. A primary callus will form from this hematoma within 2 weeks as chondrocytes secrete type I and II collagen to stabilize the fracture site. The amount of callus is directly proportional to the extent of motion at the fracture site. The fracture site will then remodel in accordance with Wolff's law, which states that bone remodels in response to mechanical stress. Hypetrophic chondrocytes undergo apoptosis while coordinated osteoblasts and osteoclasts function to form newly woven bone. Unlike scar tissue, new bone at the fracture site is histologically similar to the bone prior to injury (Fig. 2.5).
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Figure 2.5 (A) Recent fracture of the fibula. (B) Marked callus formation 6 weeks later. (Courtesy of Dr Barbara Weissman, Brigham and Women's Hospital, Boston, MA. In: Kumar V [ed.], Robbins and Cotran Pathologic Basis of Disease, Professional Edition. Elsevier, 2009.)








23. The next day, the patient returns to the operating room for open reduction and internal fixation of his right humerus with a compression plate. How will this patient's humerus fracture heal?


    Compression plating offers a rigid construct for fracture healing. Due to little, to no, micromotion at the fracture site, a callus will not form and the fracture will instead undergo primary fracture healing. Osteoclasts on one cortical side of the fracture resorb bone and form a tunnel for new haversarian systems to form and allow osteoprogenitor cells to reestablish mechanical continuity with the opposing cortex.


24. What medical and social factors in this patient will inhibit or delay fracture healing?


    Smoking has been shown to decrease the rate of both fracture healing and callus strength. Smoking cessation counseling should be provided to all orthopedic trauma patients. Inadequate nutrition and low protein intake will also inhibit fracture healing. While controversial, there is some scientific evidence to suggest that the patient should avoid taking NSAIDs. These drugs inhibit the enzyme COX-2, which promotes fracture healing by stimulating osteoblast differentiation.





Case 2-2   Continued


Nine months later, the patient returns to your clinic still complaining of left leg pain and inability to bear weight. His right humerus fracture has healed. Radiographs of his left tibia demonstrate an atrophic nonunion.





25. What are the types of nonunion and what are their etiologies?


    Patients with a hypertrophic nonunion have adequate blood supply to the fracture site, but may have too much motion at the fracture site. Atrophic nonunion is frequently caused by other factors including insufficient vascular supply to the fracture site or host factors leading to poor healing. Oligotrophic nonunions have adequate vasculature and biologic capacity to heal, but callus formation does not occur due to displaced or distracted fracture fragments and inadequate apposition.


    Nonunions can occur for a number of reasons. First, if there is inadequate stability of the fracture site, excessive motion leads to connective tissue deposition rather than fracture healing. Second, host or patient-dependent factors, such as poor nutrition, smoking, low vitamin D levels, hypothyroidism, and hypogonadism, can lead to inadequate healing capability. Third, inadequate vascular supply to the fracture fragments and surrounding soft tissue envelope is necessary for healing. Lastly, infection at the fracture site will prevent bony union.


26. What are your options for treating a nonunion?


    Treatment of the nonunion is dependent on the etiology. Hypertrophic nonunions as a result of inadequate stability can be treated with revision surgery with a stiffer construct to reduce the strain and motion at the fracture site. Patients with metabolic or endocrinologic issues should be identified by laboratory values including serum calcium, phosphorus, alkaline phosphatase, 25-hydroxy-vitamin D, and thyroid-stimulating hormone levels. Patients with abnormalities should be referred to an endocrinologist for further workup and treatment. An infection workup should be performed to rule out indolent infection. This includes a blood count with differential, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP). An aspiration or open biopsy should also be considered. Management of an infected nonunion is often complex but includes debridement and antibiotics. Certain atrophic nonunions can be supplemented with various types of bone graft, including autograft, allograft, demineralized bone matrix (DBM), bone morphogenic protein (BMP), synthetic bone graft, and stem cells.


27. What are the benefits of autograft? Allograft? Demineralized Bone Matrix Synthetics? Growth factors?


    Bone grafts may be osteoconductive, osteoinductive, or osteogenic. Osteogenic bone graft provides osteoblasts and other osteoprogenitor cells which directly produce bone. Bone marrow aspirate and autograft are osteogenic. Osteoinductive graft materials, such as BMP, signal local factors to produce new bone. Demineralized bone matrices are examples of osteoconductive bone grafts, which provide a scaffold for new bone to form (Table 2.2).




Table 2.2


Characteristics of Bone Graft










	 

	TYPES

	OSTEOGENIC

	OSTEO-INDUCTIVE

	OSTEO-CONDUCTIVE

	DRAWBACKS










	Autograft

	Cancellous (iliac crest)

	Yes

	Yes

	Yes

	Donor site morbidity






	Cortical (fibula)

	Yes

	Yes

	Yes

	Donor site morbidity






	Bone marrow aspirate

	Yes

	Yes

	No

	Not osteo-conductive






	Allograft

	Fresh cadaver

	No

	Yes

	Yes

	High immuno-genicity






	Fresh frozen

	No

	Yes

	Yes

	Some immuno-genicity, most common






	Freeze dried

	No

	Minimal

	Yes

	Least immunogenic, only osteo-conductive






	DBM

	No

	Minimal

	Yes

	No osteogenic cells






	Synthetics

	Tricalcium phosphate

	No

	No

	Yes

	Only osteo-conductive, slowly degrade






	Calcium sulfate

	No

	No

	Yes

	Only osteo-conductive, fast reabsorption






	Silicone based

	No

	No

	Yes

	Only osteo-conductive






	Growth factors

	BMP

	No

	Yes

	No

	Expensive
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28. What are some other novel modalities to enhance bone healing?


    Electromagnetic stimulation has been shown to aid fracture healing. Bone has a negative bioelectric potential in areas of growth or healing, which slowly progresses to neutral as the fracture site heals. Bone is bioelectrically negative in areas of compression and positive in areas of tension. Direct Current Electrical Stimulation (DCES) and Pulsed Electromagnetic Field (PEMF) are two modalities which make use of this physiology. Shock wave therapy is also sometimes used with mixed results. In theory, shock waves create microfractures in hypertrophic nonunions, which stimulate osteoinduction.











Cartilage and Meniscus







29. What are the four types of cartilage?


    Articular or hyaline cartilage is found on joint surfaces and functions to decrease friction and dissipate axial forces. Fibrocartilage is found at tendon and ligament insertions to bone and is also formed in response to articular cartilage injury. Elastic (trachea) and fibroelastic (the meniscus) are the other two types of cartilage.


30. What is the composition of articular cartilage?


    Water makes up 65–80% of articular cartilage, and its frictional resistance and pressurization within the extracellular matrix allow the cartilage to sustain high axial loads. Type II collagen makes up about half of the dry weight of articular cartilage and helps provide shear and tensile strength. Compressive strength is provided by proteoglycans, which comprise 10–15% of articular cartilage. Glycosaminoglycans such as chondroitin sulfate and keratin sulfate bind to collagen and hyaluronic acid to reinforce the extracellular matrix. Chondrocytes are the only biologically active cells in articular cartilage and account for only 5% of the dry weight. They are responsible for secreting collagen, proteoglycans, and other proteins in the extracellular matrix.


31. Describe the different layers of articular cartilage.


    Articular cartilage can be divided into four zones according to depth and biochemical content. The superficial zone (Zone I) lies adjacent to the joint cavity. Type II collagen fibers are oriented parallel to the joint and form a smooth, gliding surface. Water and collagen content are highest in this zone. The middle zone (Zone II) constitutes the majority of cartilage depth and consists of obliquely oriented collagen fibers. Proteogylycan concentration increases with depth. The deep zone (Zone III) has the highest proteoglycan content and collagen fibers oriented perpendicular to the joint. The tidemark lies just deep to Zone III and separates true articular cartilage from deeper calcified cartilage. This calcified cartilage (Zone IV) lies adjacent to subchondral bone and consists of type X collagen, a high concentration of calcium salts, and low concentration of proteoglycans (Fig. 2.6).
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Figure 2.6 Zones of articular cartilage. STZ: superficial tangential zone. (From Nordin M, Frankel VH. Basic Biomechanics of the Musculoskeletal System, 2nd edn. Philadelphia, Lea & Febiger, 1989, pp. 31–57. Used with permission.)








32. Why do cartilage injuries have such a poor healing response?


    Cartilage is an avascular structure, as chondrocytes receive their nutrients through simple diffusion. Any superficial cartilage laceration that does not penetrate the tidemark will stimulate chondrocyte proliferation but will not heal. When a laceration through the tidemark penetrates subchondral bone, fibrocartilaganeous healing will occur.





Case 2-3


A 68-year-old female presents with long-standing left knee pain worsening over the past few months. It is worse later in the day and relieved with acetaminophen. She has a history of diabetes and is morbidly obese. You are concerned for osteoarthritis and order radiographs of the left knee.





33. What are the findings you would expect on her knee x-ray?


    Typical radiographic findings of osteoarthritis include joint space narrowing, osteophyte formation, subchondral cysts, and subchondral bony sclerosis.


34. What is the pathoanatomy of osteoarthritis?


    Osteoarthritis is the most common disorder of the entire musculoskeletal system and is characterized by destruction of articular cartilage. The severity of the disease is directly linked with a decrease in proteoglycan content and an increase in the water composition of cartilage. Interleukin-1 (IL-1) and other cytokines disrupt cartilage homeostasis by activating proteolytic enzymes, which breakdown proteoglycan links. Although collagen levels are maintained, the extracellular matrix becomes more disorganized.


35. How does the composition of cartilage change in patients with osteoarthritis? How does it change with normal aging?


    Osteoarthritic articular cartilage will have an increase in total water content, elevated levels of IL-1, increased protelytic enzymes, and increased stiffness. In contrast to the patient's osteoarthritic left knee, healthy, but aging articular cartilage has a decrease in water content. To compensate for a decrease in chondrocytes, the existing cells hypertrophy to maintain collagen and proteoglycan synthesis.


36. What is the structure and function of synovium?


    Synovial fluid functions to provide lubrication and nutrients to articular cartilage through diffusion. It is comprised of hyaluronic acid, proteinases, prostaglandins, and its key lubricant, lubricin. There are no blood cells or clotting factors. The surrounding synovium is vascularized connective tissue without a basement membrane, thus providing a medium for nutrient exchange between the joint and the bloodstream. Type A cells function as phagocytes, while type B cells act as fibroblasts and produce synovial fluid. Type C cells have been described, but have an unknown function and origin.


37. What is the structure and function of the meniscus?


    The meniscus is a unique structure that functions to deepen the tibial surface and act as a secondary stabilizer to the knee. It is composed mainly of type I collagen fibers arranged both radially and longitudinally. This allows the meniscus to expand under a compressive force to increase the surface area of contact with the knee joint. It is both less permeable and more elastic than articular cartilage.


38. Describe the healing potential for meniscal injuries.


    The peripheral 25% of the meniscus derives its blood supply from the medial and lateral inferior genicular arteries. Tears in this region will heal via fibrocartilage scar formation. The central zone, however, receives its nutrients through passive diffusion. Like articular cartilage, tears in this region have no healing ability. Meniscal tears are further discussed in the sports chapter.

















Intervertebral Disc







39. What is the structure and function of intervertebral discs?


    The intervertebral disks provide mechanical stability and allow for physiologic motion of the spine. They also account for about 25% of the spinal column height. The nucleus pulposus comprises the center of the disk and is made primarily of water, proteoglycans, and type II collagen. Its high water content allows for compressibility and the even distribution of force across the end plates. The annulus fibrosis surrounds the nucleus pulposis. The structure's predominant type I collagen provides the disk with high tensile strength to prevent vertebral body subluxation, but is flexible enough to allow for spinal motion. There is no direct blood supply to the disk. Since the annulus is not porous enough, all nutrients reach the disk via diffusion through the end plates.


40. How does the composition of the disk change with aging?


    As we age, disk cells produce less type II collagen leading to a decrease in proteoglycan and water content. The result is a decrease in disk height and ability to withstand both tensile and compressive forces. Aging does not imply pathology, however, as almost 90% of asymptomatic people over the age of 60 have some degree of disk degeneration on MRI.


41. What biomarkers are implicated in disk pathology?


    Patients with herniated disks will release measurable amounts of osteoprotegrin, interleukin-1, RANKL, and PTH.

















Tendon and Ligaments







42. What is the structure and function of tendons?


    Tendons function to produce joint motion by transferring force from muscle to bone. They are made predominantly of water, type I collagen, and proteoglycans with fibers oriented in the direction of muscle loading, along lines of stress. Anatomically, tendons are organized in a defined hierarchical structure. Collagen bundles are arranged circumferentially into microfibrils, which combine to form subfibrils, and further organize into fibrils. Fibril units are tightly arranged in parallel to form fascicles, which combine to form the functional tendon unit.


43. How does that differ from the structure and function of ligaments?


    Ligaments are composed of dense connective tissue and function to restrict joint motion and to provide joint stability. While ligaments are also comprised of water, type I collagen, and proteoglycans, they are shorter and wider than tendons. Ligaments have less collagen and more proteoglycans and water, but also have a highly organized structure. Unlike the tendon, ligaments are poorly vascularized and have only limited microvascularity at their insertion sites.


44. What are some of the mechanisms of tendon and ligament injury?


    Some tendons, like the flexor tendons of the hand, are encased in a sheath and are often injured due to direct trauma or laceration. Early range of motion is necessary to prevent adhesions in sheathed tendon injuries. Unsheathed tendons, such as the patellar and Achilles tendons, are covered in paratenon, which provides a rich vascular supply and improved capacity for healing. These tendons usually fail due to tensile overload from trauma or an acute sports injury. Tensile overload is also the most common cause of ligamentous injuries, most often occurring at mid-substance in adults, and at the insertion site in children.


45. Describe the phases of tendon and ligament healing and repair.


    Because of their similar structure and composition, tendons and ligaments undergo the same stages of healing and repair. Within minutes after injury, platelets aggregate around the site of the tear and activate the coagulation cascade. A fibrin clot forms to stabilize the torn tendon edges and create hemostasis. Over the next few days, inflammatory cells infiltrate the site of injury as macrophages debride the injured and necrotic tissue. After 1 week post injury, fibroblasts enter the wound site and begin to proliferate. They produce large amounts of type III collagen, which is weaker and more disorganized than the normal type I collagen. Finally, matrix metalloproteinases degrade the type III collagen and replace it with type I collagen, which begins to orient itself along lines of stress. This process can take several months, but even years later, tendons and ligaments often only recover up to two-thirds their original strength.

















Nerve and Muscle







46. What is the anatomy of a peripheral nerve?


    Each neuron contains a cell body, which is the metabolic center of the cell. Neurons give off two types of fibers, dendrites, which receive sensory input from other neurons, and an axon, which is the primary route of conduction to tissues. Most of the larger nerve axons are myelinated with Schwann cells, which form a fatty insulating sheath to help speed conduction velocity. The endoneurium is a fibrous tissue surrounding the axon and is important in peripheral nerve regeneration. Surrounding the endoneurium are fasicles, which are collections of axons. The perineurium provides a connective tissue sheath to cover the fasicles and is the primary source of elasticity and tensile strength of the peripheral nerve. Fasicles are grouped further and covered with the epineurium to form the functional peripheral nerve unit. Nerve fibers can either be afferent (convey information to the central nervous system) or efferent (convey information to the periphery) (Fig. 2.7).
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Figure 2.7 Anatomy of a peripheral nerve. (From Canale ST, Beaty JH [eds]. Campbell's Operative Orthopaedics, 11th edn. Philadelphia, PA, Mosby Elsevier, 2007, p. 3638.)








47. What is the most common mechanism for peripheral nerve injury?


    A stretching injury is the most common mechanism of injury. Elongation of just 8% will disrupt blood supply and can cause a reversible conduction block. “Stingers” in football and correction of valgus deformity in knee replacement surgery are two common examples.


48. Describe the classification and prognosis of peripheral nerve injuries?


    A neuropraxia injury results in an immediate, but reversible conduction block. The myelin sheath around the area of injury is disrupted, but the axon and endoneurium remain intact. Compression, traction, and contusions all cause neuropraxia, and prognosis for healing is quite good. Axonotmesis involves complete disruption of both the myelin sheath and the axon from a crushing or severe traction mechanism. The axon distal to the site of injury undergoes Wallerian degeneration as some nerve function will return as the endoneurium remains intact. Neurotmesis describes a complete transection of the nerve. As the endoneurium is also disrupted, no nerve function can expect to be recovered.


    Like other biologic tissues affected by trauma, peripheral nerve injuries respond initially with an inflammatory response. Due to increased epineural permeability and edema, an increase in endoneural pressure often leads to compressive neuropathies after neuropraxia. If the endoneurium is disrupted, the distal segment will undergo Wallerian degeneration. Phagocytes migrate to the site of injury and degrade the damaged myelin and axon. Existing Schwann cells proliferate and migrate to the proximal and distal ends of the nerve fibers. After approximately 1 month, sprouting axons from the proximal end will grow approximately 1 mm per day.


49. When would operative treatment for nerve injuries be indicated?


    The two most important factors in successful outcomes following peripheral nerve injury are age and level of injury. Young patients, those with more distal nerve injuries, and sharp lacerations (as opposed to crush injuries) tend to fare best. Any gap of more than 2.5 cm needs to be repaired with nerve graft. Delay in nerve repair often results in poor recovery as scar tissue and neuromas form in the first few days following injury. Pressure is the first sensation to return after nerve healing, followed by pain, touch, and two-point discrimination.


50. Describe the gross anatomy of skeletal muscle.


    Like the peripheral nerve, skeletal muscle fibers are highly specialized cells organized within a strict hierarchy. A string of connected sarcomeres forms the myofibril, which represents the functional unit of contractile muscle. Myofibrils are concentrically arranged to form a muscle fiber, which is covered in endomysium. A collection of muscle fibers is called a fasicle, which is covered in perimysium. Epimysium covers the group of fasicles which form the functional skeletal muscle.


51. How does muscle contract?


    The sarcomere represents the contractile element of skeletal muscle. It is composed of thick myosin filaments and thin actin filaments. As the nerve cell delivers a signal to the muscle end-plate, acetylcholine is released into the synaptic cleft and triggers depolarization of the muscle cell. Calcium is then released from the sarcoplasmic reticulum into the cytoplasm which binds to troponin on actin filaments. This process leads to a change in configuration of the filaments, exposing actin which cross-bridges to myosin. A molecule of ATP is broken down as the filaments slide past one another causing muscle contraction (Fig. 2.8).
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Figure 2.8 Sequence of skeletal muscle contraction: sarcolemma depolarization causes calcium release from the sarcoplasmic reticulum. (A) Calcium binds with troponin and shifts tropomyosin molecules to expose myosin-binding sites on actin. Myosin cross-bridges bind to actin, producing a “power stroke” of contraction. Adenosine triphosphate is needed to break the link and prepare for the next cycle. Cycles (B to F) continue as long as sufficient calcium is present to inhibit the troponin-tropomyosin system from blocking actin-binding sites. (Redrawn from Seeley RR, Stephens TD, Tate P. Anatomy and Physiology, 3rd edn. St Louis, Mosby, 1995.)








52. What are the two types of skeletal muscle?


    Skeletal muscle is broken down into slow twitch (type I) and fast twitch (type II) muscle fibers. Slow twitch muscle fibers undergo aerobic metabolism via the Kreb's cycle and yield high energy. Since they require oxygen, slow twitch fibers are used in endurance running, are resistant to fatigue, and have a low strength and speed of contraction. Fast twitch fibers are primarily anaerobic and derive their energy from the ATP-creatinine system. They are used for intense exercise of less than 20 seconds, but fatigue rapidly. Creatine supplements augment this metabolic system, but have the unfortunate side effect of muscle cramping.


53. Compare the different types of skeletal muscle contraction.


    There are four different types of skeletal muscle contraction. During isometric contraction, muscle length remains constant as tension increases, like pushing against an immovable wall. Isokinetic contraction describes muscle contracting at constant velocity. Special machines are designed to simulate this. Jumping up and down on boxes is an example of plyometric contraction, as muscle rapidly lengthens followed by contraction. Concentric and eccentric loading are both types of isotonic contraction, where muscle tension is constant. Biceps curls are an example of concentric loading, as the biceps muscle shortens during contraction. Conversely, the triceps tendon lengthens during contraction with triceps curls and is an example of eccentric loading.


54. Which would be most likely to cause musculotendinous injury? What differentiates a muscle strain from muscle soreness?


    Eccentric contraction can cause both a strain and muscle soreness, especially in unconditioned patients. The resisting load is greater than force generated by the muscle and can result in a tear (muscle strain) at the relatively weak myotendinous junction. A cellular inflammatory response occurs, causing a decreased ability to generate tension for the first week after injury, before fibroblasts begin healing the tear. Muscles that cross two joints, such as the rectus femoris and gastrocnemius are most at risk for muscle strains.


    Muscle soreness describes the inflammatory response seen 24–72 hours after intense exercise. The inflammation and edema in surrounding connective tissues results in higher intramuscular pressures causing the achy pain felt by patients.























Musculoskeletal Infections





Case 2-4


A 28-year-old male presents to the emergency department with a 2-week history of worsening right knee pain, subjective fever, and chills. He sustained a gunshot wound to his right proximal tibia 8 months ago and was treated surgically with bullet removal and a course of oral antibiotics. He now notes purulent drainage and ulceration of his wound with marked erythema and tenderness.










55. What is your differential diagnosis for this patient's knee pain? Which radiographic or laboratory tests will you order?


    This patient's symptoms of subjective fever, erythema, and tenderness over a gunshot wound suggest an infectious etiology. Musculoskeletal infections can involve the bone, joints, or the soft tissues. In this patient, we should consider osteomyelitis, septic arthritis, surgical wound infection, and necrotizing fasciitis. After performing a physical exam, a complete blood count (CBC), ESR, and CRP should be checked, along with plain radiographs of the right knee.





Case 2-4   Continued


On exam, he is afebrile with normal vital signs. The patient is comfortable in bed and has a 1 cm wound just inferolateral to his right knee with mild focal tenderness, surrounding erythema and purulent drainage. He is neurovascularly intact, but has severe pain with active range of motion of his knee. Radiographs of the knee are normal: his WBC is 12.5 × 103/mm3, ESR is 78 mm/hr, CRP is 38.8 mg/L.





56. What can we exclude from the differential diagnosis?


    In the absence of a high fever or tachycardia, this patient is unlikely to have necrotizing fasciitis. Necrotizing fasciitis is an infection of the soft tissues spreading along the fascial planes and often presents with pain out of proportion to exam, hyperpyrexia, tachycardia, and other signs of sepsis. While other gram-positive and gram-negative bacteria have been implicated, Group A Streptococcus is the most common causal agent for necrotizing fasciitis. Clostridium perfringens has also been implicated in necrotizing fasciitis and causes gas gangrene. As an anaerobic bacteria it produces gas in the soft tissues apparent on radiographs and crepitus on physical exam. Necrotizing fasciitis is a serious and often fatal condition requiring immediate intravenous antibiotics and surgical debridement with a low threshold for amputation.





Case 2-4   Continued


The patient does have elevated inflammatory markers and a purulent wound. Despite the absence of fever and normal radiographs, we cannot exclude osteomyelitis or septic arthritis. Blood cultures should be taken and he should be admitted for further workup and started on intravenous antibiotics.





57. Despite therapy with one dose of intravenous cefepime and vancomycin in the emergency department, the patient is still unable to range his knee. How can we confirm or rule out a septic knee?


    With his subjective fevers, inability to ambulate or tolerate range of motion of his knee, hyperemia, erythema, and elevated inflammatory markers, this patient has a classic story for septic arthritis. The knee is the most commonly affected joint, followed by the hip, elbow, and ankle. Septic arthritis must be recognized and treated early, as proteolytic enzymes from neutrophils will destroy cartilage in as soon as 8 hours. It is an orthopedic surgical emergency and the joint should be thoroughly irrigated and debrided. Common bacterial causes include Staphylcoccus aureus, Staphylcoccus epidermidis, and Streptococcus. Young, sexually active males are at risk for infection with Neisserria gonorrhea. While technetium bone scans and MRI are useful adjuncts in diagnosing septic arthritis, joint aspiration is the gold standard. Fluid should be sent for gram stain and culture, cell count, glucose, and crystal analysis.


58. The gram stain of the patient's synovial fluid is negative, culture is pending. WBC count is 27 × 103/mm3 with 30% polymorphonuclear (PMNs) cells, and no crystals were identified. How do we interpret these findings?


    Patients with septic arthritis usually have WBC counts greater than 50 000 with over 50% neutrophils. Synovial glucose levels would be less than 60% of the serum value. While the gram stain can be negative in up to two-thirds of patients with septic arthritis, it is unlikely that a septic knee is causing our patient's symptoms. We will get an MRI of the right knee with and without gadolinium to further evaluate the patient.


59. MRI of the right knee reveals findings consistent with osteomyelitis of the proximal tibia. What would you expect to find on MRI? Why were the original radiographs negative?


    Osteomyelitis is an infection of the bone most commonly associated with a sinus tract from previous surgery, trauma, decreased vascular flow, or a wound (as in our patient). A minority of cases arise from bacteremia, however, in children hematogenous osteomyelitis is by far the most common. Like other musculoskeletal infections, patients will often present with focal pain, fever, and erythema around the site of infection. Inflammatory markers such as ESR and CRP are often elevated. MRI is the imaging modality of choice, approaching 100% sensitivity. Changes on MRI are related to an increase in edema and water content within the bone, so we would expect a decrease in T1 and an increase in T2 marrow signal in this patient's right proximal tibia. CT and technetium bone scans are useful adjuncts in patients with a contraindication to MRI. Radiographs often take 1–2 weeks to show any change and at least 30% of bone loss must be present to identify osteomyelitis on x-ray.


60. Why does this patient need urgent surgical debridement?


    Intravenous antibiotics alone will not cure the majority of patients with osteomyelitis. As devitalized bone becomes necrotic, it serves as a nidus for continual infection and is known as a sequestrum. This area must be debrided and any orthopedic hardware removed. Involucrum refers to the formation of new bone around the necrotic area. Wound cultures should be taken in the operating room to help tailor antibiotic therapy (Fig. 2.9).
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Figure 2.9 Sequestrum in osteomyelitis of the tibia (white arrow pointing to sequestrum and black arrow pointing to involucrum). (Adapted from Canale ST, Beaty JH [eds]. Campbell's Operative Orthopaedics, 11th edn. Philadelphia, PA, Mosby Elsevier, 2007, p. 702.)








61. Blood cultures from the patient have continued to be negative. Wound cultures have grown back methicillin resistant Staphylococcus aureus. What is your treatment plan?


    Blood cultures are negative in about half of all cases of osteomyelitis. Therefore, we must rely on surgical cultures to help dictate appropriate antibiotic therapy. Animal models have shown a 4-week revascularization period of bone, so patients are often given at least 4 weeks of antibiotics postoperatively. Specific antibiotic coverage will be discussed in the pharmacology section, but intravenous vancomycin is the antibiotic of choice for MRSA. Prognosis depends on the patient's medical comorbidities and nutritional status, location of the lesion (metaphyseal infections do better than diaphyseal lesions), and the severity of bone loss.


62. What other organisms are common causes of osteomyelitis? (Table 2.3)




Table 2.3


Organisms Causing Osteomyelitis








	PATIENT GROUP

	ORGANISM










	Newborns

	
S. aureus, Group A and B Streptococcus, Enterobacter







	Children and adolescents

	S. aureus, Sc. pneumoniae, Haemophilus influenzae






	Adults

	
S. aureus, occasionally Group A Streptococcus







	HIV

	Bartonella henselae






	Sickle cell

	S. aureus, Salmonella






	Human or animal bites

	Pasturella multocida, Eikenella corrodens






	Nosocomial infections

	Pseudomonas aeruginosa



























Orthopedic Pharmacology





Case 2-5


A 68-year-old female presents to your office with left lateral thigh pain for 1 month. She has a long history of osteoporosis and has been taking alendronate for over 7 years. The patient also takes lisinopril for hypertension, metformin for her diabetes, and ibuprofen for pain. Radiographs reveal lateral cortical thickening in her left subtrochanteric femur region.










63. Which of her medications is the likely causal agent?




    Long-term bisphosphonate use is known to cause subtrochanteric stress reaction and fractures. Members of this drug class, such as alendronate, help to maintain bone mass by inhibiting osteoclast resorption. Bisphosphonates are incorporated into the bony matrix and bind to the ruffled border on osteoclasts, stimulating apoptosis. Unfortunately, these drugs also prevent physiologic bone healing and remodeling, as their long-term use can lead to stress fractures of the femur. Osteonecrosis of the jaw is another rare, but concerning side effect from bisphosphonate use.


64. What are some indications for bisphosphonates?


    Bisphosphonates are some of the best selling drugs on the market and have several indications in addition to osteoporosis. Patients with multiple myeloma or metastatic bone cancer benefit from treatment by a decreased risk of pathologic fractures. Osteoporotic patients with fragility fractures or vertebral compression fractures have fewer skeletal complications with bisphosphonate therapy. Bisphosphonates are also beneficial in patients with Paget's disease and early stage avascular necrosis.


65. Describe the mechanism of action for ibuprofen?


    Non-steroidal antiinflammatory drugs (NSAIDs) such as ibuprofen competitively inhibit the enzyme cyclooxygenase (COX), which is responsible for converting arachidonic acid into prostaglandins, and thromboxane. There are two isoforms of the enzyme: (1) COX-1 responsible for synthesizing prostaglandins that maintain and protect the gastrointestinal mucosa and (2) COX-2 synthesizes prostaglandins responsible for inflammation and pain. NSAIDs such as ibuprofen and naproxen inhibit both isoforms of cyclooxygenase causing decreased inflammation and pain, but with peptic ulcers as an unfortunate side effect. Prostaglandins have also been implicated in altering neurons in the hypothalamus causing an increase in body temperature, thus NSAIDs are an effective antipyretic. Since NSAIDs also block the synthesis of thromboxane, an important platelet aggregator, patients taking these drugs are at higher risk of bleeding. Some studies also suggest that NSAIDs inhibit bone healing and some orthopedists are reluctant to use these drugs in fracture patients.


66. How does the mechanism of aspirin differ from other NSAIDs?


    Aspirin is a noncompetitive inhibitor of cyclooxygenase, and binds irreversibly to the enzyme's active site. It has the same effects on blocking prostaglandin synthesis as other NSAIDs. Some orthopedic surgeons take advantage of aspirin's antiplatelet activity and use the drug as prophylaxis against deep venous thrombosis. The half-life is 1 week, so patients should discontinue aspirin 7 days before surgery to prevent increased intraoperative bleeding.


67. Since the inhibition of COX-1 results in an unfavorable side-effect profile, are there any selective COX-2 inhibitors?


    Celecoxib is the only FDA approved selective COX-2 inhibitor available in the United States. It does not affect platelet function or cause gastric ulcers and only inhibits prostaglandin synthesis responsible for inflammation and pain. Though the mechanism is not well understood, COX-2 inhibitors have a higher incidence of cardiac events. These side effects caused the popular drug rofecoxib to be pulled from the market in 2004.





Case 2-5   Continued


You admit the patient to the hospital for prophylactic fixation of her impending subtrochanteric femur fracture. Her immobility puts her at risk for developing a DVT.





68. Which drug should this patient receive for DVT prophylaxis?


    Venous thromboembolic events are a major problem in orthopedics, especially with trauma and joint replacement patients. Aspirin is an option in patients at low risk for DVT and pulmonary embolism (PE). While strong data supporting the use of aspirin as an anticoagulant are lacking, the drug has been shown to decrease the frequency of symptomatic DVTs after total hip arthroplasty. Warfarin has long been used for DVT prophylaxis. This drug is a competitive inhibitor of vitamin K dependent clotting factors (II, VII, IX, X, protein C, protein S) and is quite effective at reducing the incidence of VTE. Coumadin is often used to treat deep venous thrombosis and pulmonary embolism, but requires frequent coagulation monitoring and has multiple drug interactions. Low-molecular-weight heparin (LMWH) has been shown to be as effective as warfarin and more effective than heparin at reducing DVT in hip replacement patients. LMWH works by binding and increasing the activity of antithrombin III, which leads to inhibition of factors Xa and IIa. While it shares a similar mechanism of action to unfractionated heparin, LMWH preferentially inhibits factor Xa rather than IIa (Figs 2.10A and B). Inhibition of Factor Xa inhibits conversion of prothrombin to thrombin and prevents fibrin clot formation. LMWH also has a lower incidence of heparin-induced thrombocytopenia (HIT) compared to unfractionated heparin. LMWH is contraindicated in renal failure (Fig. 2.10).
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Figure 2.10 Mechanism of action of heparin, low-molecular-weight heparin (LMWH), and fondaparinux, a synthetic pentasaccharide. (A) Heparin binds to antithrombin via its pentasaccharide sequence. This induces a conformational change in the reactive center loop of antithrombin that accelerates its interaction with factor Xa. To potentiate thrombin inhibition, heparin must simultaneously bind to antithrombin and thrombin. Only heparin chains composed of at least 18 saccharide units, which correspond to a molecular weight of 5400 Daltons, are of sufficient length to perform this bridging function. With a mean molecular weight of 15 000 Daltons, all of the heparin chains are long enough to do this. (B) LMWH has greater capacity to potentiate factor Xa inhibition by antithrombin than thrombin because, with a mean molecular weight of 4500 to 5000 Daltons, at least half of the LMWH chains are too short to bridge antithrombin to thrombin. (C) The pentasaccharide only accelerates factor Xa inhibition by antithrombin because the pentasaccharide is too short to bridge antithrombin to thrombin. (Adapted from Hoffman R [ed.]. Hematology: Basic Principles and Practice. Hematology, 5th edn. Philadelphia, PA, Churchill Livingstone, Elsevier, 2009.)








69. Just prior to surgery, the patient receives a dose of antibiotics. Which antibiotics are most commonly used in preventing and treating orthopedic infections? (Table 2.4)




Table 2.4


Common Antibiotic Classes Used in Orthopedics










	ANTIBIOTIC CLASS

	MECHANISM OF ACTION

	CLINICAL USES

	ADVERSE EFFECTS

	DRUGS










	Penicillins

	Inhibition of cell wall synthesis

	Gram-positive bacteria, Clostridium.
Ampicillin drug of choice for Escherichia coli


	Hypersensitivity, hemolytic anemia

	Penicillin V, penicillin K, amoxicillin, ampicillin






	Penicillinase resistant

	Inhibition of cell wall synthesis

	Broad-spectrum gram-positive and gram-negative coverage

	Same as penicillins

	Oxacillin, nafcillin






	Beta-lactamase inhibitors

	Inhibition of beta-lactamase

	Broad-spectrum gram-positive and gram-negative coverage, resistant bacteria

	Same as penicillins

	Amoxicillin–clavulanic acid, piperacillin–tazobactam






	Cephalosporins

	Inhibition of cell wall synthesis

	Broad-spectrum coverage, surgical prophylaxis, UTIs

	Small cross-reactivity with penicillin, hemolytic anemia

	Cephalexin, cefuroxime, ceftriaxone, cefepime






	Glycopeptides

	Inhibition of cell wall synthesis and cross linking

	Drug of choice for MRSA, resistant gram-positive bacteria, penicillin allergic patients

	“Red man” syndrome, nephrotoxic, ototoxic

	Vancomycin






	Aminoglycosides

	Binds to 30S ribosomal subunit, inhibits protein synthesis

	Effective against gram-negative bacteria, pseudomonas, prophylaxis with grade III open fractures

	Nephrotoxicity, ototoxicity

	Gentamycin, tobramycin






	Lincosamides

	Binds to 50S ribosomal subunit, inhibits protein synthesis

	Effective against anaerobes, gram-positive bacteria, some MRSA coverage

	
C. difficile colitis, hypersensitivity

	Clindamycin






	Fluroquinolones

	Inhibit DNA gyrase

	Gram-negative bacteria, newer generations have some anaerobic and gram-positive coverage

	Gastrointestinal (GI) symptoms, photosensitivity, tendonopathy, inhibits early fracture healing

	Ciprofloxacin, levofloxacin






	Sulfonamides

	Inhibit folic acid synthesis

	Broad aerobic gram-negative coverage, some gram positive and MRSA coverage, UTIs

	Hypersensitivity, GI symptoms, myelosuppression, rash

	Trimethoprim/sulfamethoxazole
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Basic Biomechanics and Biomaterials







70. What is stress? What is strain?


    Stress is the applied force (newtons) per unit area (square millimeters) and is measured in N/mm2, or pascals (1 pascal = 1 N/m2). Strain is the increase in length (millimeters) as a fraction of the original length (millimeters). By definition, strain is not associated with a unit of measurement.





Case 2-6


See a representative stress–strain curve below (Fig. 2.11).
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Figure 2.11 (A) Stress–strain curve. Line A is the elastic region, whose slope indicates Young's modulus of the material. Point C is the yield point between elastic and plastic deformation (line B). Point D is the ultimate strength of the material. (Adapted from Golish SR, et al. Principles of Biomechanics and Biomaterials in Orthopaedic Surgery. JBJS 2011.)











71. What does the slope of the stress–strain curve represent? Where is the linear elastic region and the plastic region of the curve? What is the difference between yield strength and ultimate strength?


    The slope of a stress–strain curve is the modulus of elasticity, also known as Young's modulus. The greater the slope, the stiffer the material. Increases in stress lead to a proportional increase in strain in the linear elastic region of the curve, represented by the region A. In the linear elastic region, changes in shape of the material are reversible. Once the yield strength (C) is reached, the stress and strain increases are not proportional due to plastic deformation in the plastic region (B). In the plastic region, the material will not return to its original shape after the stress is removed. Failure then occurs when the ultimate strength (D) is reached.


72. What is the difference between toughness and hardness? Can these be represented in the stress–strain curves?


    Toughness is the amount of energy expended in deforming a material before it reaches its failure strength and breaks. This can be represented by the area under the elastic and plastic portions of the stress–strain curve. Hardness is the amount of energy it takes to deform a material. It has no association with the stress–strain curve.


73. What is the difference between elastic and viscoelastic materials? What do the terms creep, stress relaxation, and hysteresis mean?


    An elastic behavior refers to an instantaneous change in strain when a stress is applied to a material. A viscoelastic behavior has characteristics of both an elastic material and a viscous material (one that resists strain when a stress is applied). It, therefore, has time-dependent characteristics, including creep, stress relaxation, and hysteresis. Creep refers to an increase in strain when the stress is held constant (the material progressively deforms as a constant force is applied), while stress relaxation refers to a decrease in stress when the strain is held constant. Hysteresis refers to the loss of energy (represented by the area under the stress–strain curve) with cyclic loading. While all materials exhibit some form of viscoelasticity, certain materials such as metals exhibit less viscoelasticity than biologic materials such as tendon, ligament, and cartilage.





Case 2-7


A 40-year-old male is involved in a motor vehicle accident and presents to the trauma bay. He is found to have an isolated Schatzker VI tibial plateau fracture. You decide to take him to the operating room the next day for open reduction internal fixation of the tibial plateau fracture. You have the choice between using a titanium plate and a stainless steel plate.





74. Titanium and stainless steel plates are typically composed of what elements?


    Orthopedic implants are typically made of alloys that are steel (iron-based), titanium-based, or cobalt-based. 316L stainless steel is an iron-based alloy that also contains chromium, nickel, molybdenum, and carbon, as well as a small amount of manganese, phosphorous, selenium, and silicone. Ti-6Al-4V is a titanium-based alloy that also contains aluminum, vanadium, and small amounts of iron, niobium, and zinc. Cobalt alloy is another commonly used metal alloy that is primarily cobalt and chromium with smaller amounts of molybdenum, nickel, iron, carbon, manganese, and silicone.


75. Is the modulus of elasticity of cortical bone closer to titanium or stainless steel? Which metal would lead to less stress shielding of bone?


    The modulus of elasticity of bone is less than titanium, which is less than stainless steel. Graphically, this means the slope of the stress–strain curve of bone is shallow compared to the two metals, and the slope would be lower in titanium than stainless steel. Relative values of modulus of elasticity of various orthopedic implant materials and biologic structures are as follows (from highest modulus of elasticity to lowest):




1. Ceramic


2. Cobalt-chrome


3. Stainless steel


4. Titanium


5. Cortical bone


6. PMMA


7. Polyethylene


8. Cancellous bone


9. Tendon and ligament


10. Cartilage





When the stiffness of the bone and a plate are different, a load, which is applied to the bone, is transferred to the implant. The strain in the bone adjacent to the implant will be reduced, which is termed stress shielding. Stress shielding manifests as reduction of bone density (osteopenia) via Wolf's law (previously discussed). Because titanium has a modulus of elasticity that is more similar to bone, less stress shielding of bone will occur with titanium than stainless steel.


76. You are deciding between plates that are 3.5 mm and 4.5 mm in thickness. How does the bending stiffness relate to the thickness of the plate? How does bending stiffness relate to the diameter of an intramedullary nail?


    The bending stiffness of a plate is proportional to the thickness of the plate to the third power. Therefore, the bending stiffness of the 4.5 mm plate will be more than twice the bending stiffness of a 3.5 mm plate (3.53 = 42.875, 4.53 = 91.125). For a solid intramedullary nail, the bending stiffness is proportional to the diameter to the fourth power.


77. What is fatigue failure, and is fatigue failure greater in the titanium plate or the stainless steel plate?


    Fatigue failure is the resistance of the implant to repeated load. In general, fatigue strength is defined by the maximum stress at which the plate can withstand ten million cyclic loading cycles without failing. Titanium generally has slightly greater cycle fatigue resistance compared to stainless steel.


78. What is corrosion and what are the different types that can occur with plates?


    Corrosion is the degradation of implants that is dictated by the environment in which the material is placed. While there are many forms of corrosion, the primary types related to orthopedic implants include galvanic, crevice, pitting, stress, and fretting corrosion. Galvanic corrosion occurs when two different types of metal are used. This leads to an electrochemical potential that leads to weakening of the materials. In particular, cobalt chromium and stainless steel should not be mixed together. Crevice corrosion refers to a confined space (crevice) of altered chemical environment between two parts of an implant. This occurs more commonly in passive metals, particularly stainless steel. Pitting corrosion is a very similar process that is even more localized to small holes (or pits) in the metal, but can potentially lead to insidious, yet destructive, propagation and catastrophic failure. Stress corrosion is weakening of the implant at the area of greatest stress concentration. Cracking of the metal occurs from tensile stresses. Fretting corrosion refers to damage that occurs at the contact surfaces of two metals during repetitive surface micromotion, such as a screw–plate interface.





Case 2-8


A 60-year-old female presents to your office with 10 years of increasing left hip pain. Radiographs reveal severe degenerative changes at the hip joint. She no longer can tolerate the pain and has exhausted conservative measures. You suggest she undergo total hip arthroplasty for pain relief and function.





79. Preoperatively, you discuss the various bearing surfaces that are available to this patient. What bearing surfaces are commonly used, and what are the advantages and disadvantages of each?


    The most common bearing surfaces include metal on conventional polyethylene and newer alternative bearing surfaces, including highly cross-linked polyethylene, metal-on-metal, and ceramic-on-ceramic. Metal on polyethylene has a long track record of success. However, over time, the polyethylene wears and produces particulate debris that can lead to osteolysis. Because of osteolysis (bone resorption by osteoclasts in response to polyethylene wear) the acetabular and femoral components can become loose. This problem has increased interest in the development of alternative bearing surfaces.


    Highly cross-linked polyethylene can be produced by using higher doses of radiation during the sterilization process. The process leads to a highly cross-linked polymer that is more resistant to wear and oxidative degradation than conventional polyethylene. The disadvantage of highly cross-linked polyethylene is that other material properties are diminished, including fracture toughness. This can lead to delamination and fracture when a thin polyethylene component is used with large head sizes.


    Metal-on-metal is a hard-on-hard bearing surface and, therefore, has excellent wear resistance. This bearing surface gives surgeons the option of larger head sizes to reduce the incidence of dislocation without the risk of mechanical failure. However, there are many disadvantages to this bearing surface. Patients have elevated levels of metal ions in their blood, and some patients will develop reactions to the metal debris, including metallosis, delayed-type hypersensitivity, and pseudotumor formation.


    Ceramic-on-ceramic, like metal-on-metal, is a hard-on-hard alternative bearing surface that has excellent wear resistance. Ceramic is harder than metal, and so there is little concern of wear with this bearing surface. The initial ceramic-on-ceramic implants were susceptible to catastrophic failure (fracture of the components), but recent improvements in manufacturing have led to a very low fracture rate. Unlike the metal ion release in metal-on-metal bearing surfaces, ceramic is inert and does not cause systemic reactions. However, stripe wear from edge loading of the ceramic ball within the ceramic acetabulum can occur in this bearing surface. Also, ceramic on ceramic has been reported to cause squeaking in some patients, which can be bothersome.


80. Describe how the forces around the hip change after the operation as described by the Charnley concept of total hip arthroplasty.


    The biomechanical concept of Charnley's original total hip arthroplasty was to medialize the acetabulum and center of the femoral head. This gives a mechanical advantage to the abductor musculature by increasing its moment arm (Fig. 2.12).
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Figure 2.12 A diagram depicting joint reactive forces across the hip joint in a native hip (A) and prosthesis (B). Point B is the center of rotation, point X is the center of gravity, A represents the vector of the pull of the abductors. (From Canale ST, Beaty JH [eds]. Campbell's Operative Orthopaedics, 12th edn, pp. 158–310.e10. Copyright © Mosby, 2013.)








    The moment about a point is the cross product between a force and the moment arm:


M=r×F
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where M is the moment and the cross product between r, the moment arm, and F, the force. As shown in the figure above, the force produced by the abductors is perpendicular to the moment arm, which is the distance between A and B. When the acetabulum is medialized, the moment arm is increased (distance between A1 and B1). With an increase in moment arm (r), less abductor force is required to produce the same moment.


81. During the early postoperative period, the patient uses a cane to assist in her ambulation. Which hand should the cane be held in and why?


    A cane is used to counteract weak hip abductors. The patient should hold the cane in the contralateral hand from the affected leg in order to decrease the joint reactive forces. The moment arm from the affected hip to the contralateral hand is much greater than the moment arm from the affected hip to the ipsilateral hand. Therefore, a greater moment can be generated by using the cane in the contralateral hand.
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Case 2-9


You are planning to do a study on patients with tiba fractures to see if time to union was affected by three different types of implants. You hypothesize that there is no difference between the implants in terms of time to union. A chart review is done for 15 patients in each group, and plain films taken at set intervals are reviewed for bony union.










82. What is the difference between independent and dependent variables? Which would be the independent variable and which would be the dependent variable in this case?


    Independent variables (i.e., the variable that you have control over) are variables that are thought to determine the value of dependent variables. Dependent variables are variables that are thought to be affected by independent variables. In this case, the type of implant would be the independent variable (the factor that you control), and the dependent variable would be the time to union.


83. What are confounders? Give examples of potential confounders in this case.


    Confounders are variables that are related to and affect the relationship between the independent and dependent variables. Potential confounders in this proposed study include age, smoking, diabetes, and fracture severity.


84. Is time to union a continuous, ordinal, or categorical type of data? What about type of implant?


    Time to union is categorized under continuous data, while type of implant is classified as categorical data. Continuous data, also referred to as nominal data, contain values that are ordered sequentially, and the differences between values are meaningful. Other examples include age, range of motion, or temperature. Ordinal data can be grouped together and put in order, but the interval between groups may be uneven. Examples are pain scales or the severity of a disease (mild, moderate, severe). Categorical data can be grouped, but not ordered sequentially or differentiated by mathematical methods. Examples include gender, hand-dominance, or ethnicity.


85. What is the difference between parametric and non-parametric data? Would time to union in this case be parametric or non-parametric?


    Parametric data assume that the sample in question has a standard, or normal, distribution, meaning that the majority of data points center around the mean, or average, of the population, with few points at one extreme or the other (Fig. 2.13). Non-parametric data do not follow a normal distribution. With the small number of patients in each group, the time to union data are likely non-parametric. However, deciding whether data are parametric and non-parametric can be complex and may require further formal statistics (Kolmogorov–Smirnov test) in order to determine whether those data follow a normal distribution.




[image: image]


Figure 2.13 An illustration of a Gaussian distribution. (From Rosenbaum SH. Statistical Methods in Anesthesia. In: Miller RD et al. [eds] Miller's Anesthesia, 7th edn. Philadelphia, Copyright © Churchill Livingstone/Elsevier, 2010.)








86. With a normal distribution, how much of the population is within one standard deviation of the mean? What about two or three standard deviations?


    Approximately 69% of the sample falls within one standard deviation of the mean, while 95% falls within two standard deviations and 99% within three standard deviations.


87. What statistical test would you use to determine if the time to union (three groups with continuous data) was different between the three different implants? What about if the data were ordinal or categorical?


    In this case, a Kruskal–Wallis test would be most appropriate for non-parametric data with three or more groups. The type of statistical test is dependent on the number of groups and type of data. If the data are continuous, it must be decided whether the data are parametric or not (Table 2.5). In this case, if the data were parametric, an ANOVA (analysis of variance) test would be used; if the data were categorical, a Pearson chi-square test would be most appropriate. For comparing only two groups; a Student t test would be used to compare parametric continuous data, while a Mann–Whitney U test would be used for ordinal data or non-parametric continuous data. Two groups of categorical data could be tested using a Fisher exact test. For paired samples, the most appropriate tests are different.




Table 2.5


Statistical Tests for Comparing Groups










	 

	 

	INDEPENDENT GROUPS

	PAIRED SAMPLES










	Continuous






	Normal

	Two

	Student t test

	Paired t test






	Non-normal

	Two

	Mann–Whitney U test

	Wilcoxon signed-rank test






	Normal

	Three or more

	Analysis of variance

	Repeated-measures analysis of variance






	Non-normal

	Three or more

	Kruskal–Wallis test

	Friedman test






	Ordinal

	Two

	Mann–Whitney U test

	Wilcoxon signed-rank test






	Three or more

	Kruskal–Wallis test

	Friedman test






	Categorical

	Two

	Fisher exact test

	McNemar test






	Three or more

	Pearson chi-square test

	Cochran Q test
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Adapted from Kocher and Zurakowski, JBJS 2004.





88. After statistical testing, you find a P-value of 0.16 between implant type and time to union. What does a P-value of 0.16 mean?


    Our null hypothesis (the hypothesis that we can prove to be false) is that there is no difference in time to union with different implants. A P-value of 0.16 means that there is a 16% probability that a difference equal to or larger than the one found in our group will be observed. Typically, a P-value (or alpha) of 0.05 is accepted as statistically significant. With a P-value of 0.16, we cannot reject our null hypothesis. This means we cannot prove that there is a difference in time to union with different implants.


89. What are type I and type II errors? What are alpha and beta? What is power?


    Alpha is the probability of a type I error, which is the error that occurs when the study shows a difference when there is no true difference. Beta is the probability of a type II error, which is the error that occurs when the study shows no difference when there is a true difference. Power is 1–beta and represents the probability of the study showing no association when there truly is no association.


90. What is the level of evidence of this study?


    This is a retrospective comparative study and therefore it is a Level III study. The levels of evidence are shown in Table 2.6. A stronger study would be a prospective study following a specific population with a specific exposure or treatment over time (Level II). The gold standard study would be a randomized double-blind, placebo-controlled trial.




Table 2.6


Levels of Evidence for Primary Research Question










	 

	TYPES OF STUDIES






	 

	Therapeutic Studies – Investigating the Results of Treatment

	Prognostic Studies – Investigating the Effect of a Patient Characteristic on the Outcome of Disease

	Diagnostic Studies – Investigating a Diagnostic Test

	Economic and Decision Analyses – Developing an Economic or Decision Model










	Level I

	



• High-quality randomized controlled trial with statistically significant difference but narrow confidence intervals


• Systematic review of Level-I randomized controlled trials (and study results were homogenous)






	



• High-quality prospective study (all patients were enrolled at the same point in their disease with ≥80% follow-up of enrolled patients)


• Systematic review of Level-I studies






	



• Testing of previously developed diagnostic criteria in series of consecutive patients (with universally applied reference “gold” standard)


• Systematic review of Level-I studies






	



• Sensible costs and alternatives; values obtained from many studies; multiway sensitivity analyses


• Systematic review of Level-I studies











	Level II

	



• Lesser-quality randomized controlled trial (e.g., <80% follow-up, no blinding, or improper randomization)


• Prospective comparative study


• Systematic review of Level-II studies or Level-I studies with inconsistent results






	



• Retrospective study


• Untreated controls from a randomized controlled trial


• Lesser-quality prospective study (e.g., patients enrolled at different points in their disease of <80% follow-up)


• Systematic review of Level-II studies






	



• Development of diagnostic criteria on basis of consecutive patients (with universally applied reference “gold” standard)


• Systematic review of Level-III studies






	



• Sensible costs and alternatives; values obtained from limited studies; multiway sensitivity analyses


• Systematic review of Level-II studies











	Level III

	



• Case-control study


• Retrospective comparative study


• Systematic review of Level-III studies






	



• Case-control study






	



• Study if nonconsecutive patients (without consistently applied reference “gold” standard)


• Systematic review of Level-III studies






	



• Analyses based on limited alternatives and costs; poor estimates


• Systematic review of Level-III studies











	Level IV

	Case series

	Case series

	



• Case-control study


• Poor reference standard






	



• No sensitivity analyses











	Level V

	Expert opinion

	Expert opinion

	Expert opinion

	Expert opinion
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Adapted from Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of evidence to the journal. J Bone Joint Surg Am. 2003 Jan;85-A(1):1–3.





91. In this study, what types of bias may possibly result in incorrect study conclusions?


    A non-random systematic error of design or execution results in bias. In this study, since the data collector was not blinded to the groups, measurement bias during the reading of plain films may result in favorable outcomes for a group using one implant over another. Selection bias describes situations in which two groups are different in ways other than the variable of interest. Any conclusion from a retrospective study such as this one should be evaluated for potential confounding variables, and results should be statistically adjusted for these confounders.





Case 2-10


For your next study, you decide to look specifically at tibia fracture nonunions. In your chart review, you find that over the past 10 years, 100 patients had a tibia fracture surgically treated and subsequently developed a nonunion. In the work-up for nonunion, a CRP was drawn for every patient to rule out infection as a cause. Infection was deemed to be the reason for the nonunion in 20 patients. In these 20 patients, the CRP was elevated in 19 patients and was not elevated in 1 patient. In the remaining 80 patients without nonunion, the CRP was elevated in 20 patients and was not elevated in 60 patients.





92. Construct a 2x2 table and label the true positives, false positives, true negatives, and false negatives (see Table 2.7).




Table 2.7


Two by Two Table








	 

	(+) NON-UNION

	(−) NON-UNION










	CRP positive

	19

	20






	CRP negative

	1

	60












93. What are sensitivity and specificity? What is the sensitivity and specificity of CRP as a marker for infectious nonunion in this case?


    By definition, sensitivity is the number of true positives divided by the true positives and false negatives. Sensitivity, in this case, is the ability of the CRP test to detect an infectious nonunion when there is one. In this case, the sensitivity would be 19/20 or 95%.


    Specificity is the number of true negatives divided by the true negatives and false positives. Specificity, in this case, is the ability of the CRP test to not falsely label a nonunion as infectious when it is really not due to an infection. In this case, the specificity would be 60/80 or 75%.


94. What are the positive predictive value and the negative predictive value?


    The positive predictive value (PPV) is the probability of a patient having a nonunion when the patient has a positive CRP. The PPV in this case is 19/(19+20), which is 48.7%.


    The negative predictive value (NPV) is the probability of a patient not having a nonunion when the patient has a negative CRP. The NPV in this case is 60/(60+1), which is 98.4%.


95. In this case, the sensitivity of the CRP was 95% and the specificity was 75%. Would a diagnostic test with this sensitivity and specificity be better for ruling in or ruling out a disease?


    A test with a high sensitivity will be useful in ruling out a disease. When a sensitive test is negative, it is very likely that the patient does not have the disease. On the other hand, if a highly specific test is positive, it is very likely the patient does have the disease. An easy way to remember this is SNOUT (SeNsitivity rule OUT) and SPIN (Specificity rule IN).
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